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I; pays to use your 
custom molder’s know-how 


say men who make television ““beaming”’ devices 














transformer for antenna rotator. 


Alliance, Ohio 


MOLDER: Evans-Winter-Hebb Inc. 





MATERIAL: Economical general-purpose 


Durez phenolic plastic 








ECONOMY: Molder eliminates many operations by produc- $PEED: I'wo-cavity compression mold with hydraulic cylin- 
ing electronic control case and face plate with lugs, bosses, 


cutouts, and inserts all “molded-in.” 


At first glance this control box looked 
like a straightforward job of molding. 
Yet a small design change suggested 
by the molder points up a fact that is 
gaining wide recognition these days... 

The earlier you call in a first-class plas- 
tics man, the more you stand to gain by his 
experience. 

In the Tenna-Rotor, Alliance Mfg. had 
developed a motor-driven TV and FM 
antenna rotation device that selects the 


A new hit with plastics users everywhere 
is the handy’ ‘Durez Check-Chart.’’ Write 
for yours. Durez Plastics & Chemicals, Inc., 
147 Walck Rd., N. Tonawanda, N. Y. 





exact compass point for optimum fe- 
ception...strong signals, clear pictures. 
Armchair control was provided by a 
three-position switch in an attractive 
Durez plastic case. 

Examining the blueprints, Evans- 
Winter-Hebb molding men saw eight 
tapped holes for mounting the trans- 
former in the top of the control box. 
To provide a stronger and more dura- 
ble and rigid mounting, they suggested 





PROJECT: Two-piece control case to house 


CUSTOMER: Alliance Manufacturing Co., 





ders for coring holes maintains high output. Front panei is a 
four-cavity mold. Loose wedges form light bulb 
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socket hole. 





that only four screw posts be used, and 
that these be molded into the Durez 
Results: one, a more serviceable prod- 
uct, and two, a simplified assembly. 

Bd * * 

For specialized experience with phe- 
nolics, the most versatile of all plastics, 
your molder will welcome his Dure: 
field man in your planning sessions 
Call on us without obligation. We'll 
gladly serve you and him. 
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only at Ryerson: 





do you get these three: 


Stocks of selected quality 


Test-proven performance 
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ae yet Ryerson gives you this three-way guarantee 
of satisfaction at no additional cost. So contact the Ryerson 


plant nearest you for any alloy steel requirement. 
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Perhaps our conservative attitude towards metal powder 
applications has discouraged many manufacturers from mak- 
ing use of powder metallurgy. 


Naturally, we’re sorry about this. But our established realis- 
tic policy of taking only the kind of business that results in 
lasting satisfaction for the customer remains unchanged. 


We'd still rather lose an order than speculate with a manufac- 
turer’s time and money on the mere chance that powder metallurgy 
might work for him. 


That’s why we consistently emphasize the requirements for 
practical metal powder parts production. That’s why we tell 
you that we can’t honestly begin to accept your business un- 
less the parts you need fulfill these conditions: (1) The 
shape permits good die fill and proper density; (2) the order 
is sufficiently large to justify initial tooling costs; (3) the 
physical properties and tolerances required are within the 
range obtainable in normal factory production. 


MORAINE PRODUCTS 


DIVISION OF GENERAL MOTORS DAYTON, OHIO 
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The Lubrication of 











Sleeve Type Bearings-2 


N O BEARING, regardless of 
type, will operate satisfactorily or for any 
length of time without proper and depend- 
able lubrication. The lubricant, as the life 
blood of every motive unit, should be the 
correct type, the right consistency and 
always in the right place at the right time. 
Otherwise excessive heat, wear and friction 
will develop with eventual seizure and 
bearing failure. The most popular lubri- 
cating agent is oil, with grease in some 
applications and graphite, water or other 
fluids used to a lesser degree. 
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In applications where it is necessary to use a longer 
than usual bearing, we sometimes recommend the 
use of two short bearings with the intervening 
spoce fo serve as an oil reservoir. 


The ideal bearing application is one in 
which it is possible to achieve a state of 
fluid friction with the journal and the 
bearing completely separated. The only 
friction present then is in the shearing 
action of the layers of oil. Obviously such 
an application would only be possible 
where there are high speeds and light loads. 
But as all bearing applications are not 
ideal, the designer must have ways and 
means to come as close as possible to ideal 
lubricating action. 

Obviously, the first step is to assemble 
all operating facts. Then the method of 
distributing the lubricant and the type of 
lubrication to be used can be decided. Fun- 
damentally, there are four primary methods 
of distributing the lubricant when it is oil 
—i.e., force feed ... splash... bath... and 
ring, chain or collar oiling. In selecting the 
method to use, the most important factor 
to bear in mind is reliability. 

Force feed is sometimes referred to as 
circulating lubrication. It includes all 
applications wherein a continuous flow of 
oil is maintained throughout all bearing 
applications. In such systems the viscosity 
of the lubricant is an important feature. 
It is also necessary to provide some method 
of purifying the lubricant for repeated use. 
Other considerations include speed, which 
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should be high enough to build an oil 
film; dissipation of heat; prevention of 
leakage and oil oxidation. In some cases it 
is advisable to provide an oil cooling system 
to maintain the proper operating temper- 
ature of the lubricant. 

The splash system involves the use of a 
completely enclosed crankcase, usually a 
cooling system and a heavy oil. As lubri- 
cation is effected by dipping, this system 
must provide an indicator so that the 
proper oil level is always maintained. 

In the bath system the operating parts 
are usually completely submerged in the 
lubricant. In this method practically the 
same factors are involved as in the splash 
method. 

Ring, chain or collar oiling involves a 
system whereby the lubricant is carried 
from the reservoir to the bearing by a ring 
or collar that rotates with the shaft to an 
opening in the top of the bearing. In this 
system particular attention must be paid 
to the type of oil grooving of the bearing 
so that sufficient oil is carried into every 
part of the loaded bearing area. 

Hand oiling can be utilized in some 
applications although it is usually best to 
provide an oil cup or a combination of 
cup and wick. 

Up to this point methods of supplying 
oil lubrication have been outlined. How- 
ever, in many applications, use must be 
made of grease due to the nature of the 
operating conditions. Grease is ordinarily 
used for rough machinery where usage is 
severe and clearances are not consistent, 
and in slow moving equipment since the 
laws of hydrodynamic action are ineffective. 

It is recommended that greases be sup- 
plied by some pressure system or pressure 
guns, since adjustable grease cups give 
positive action. 

In conjunction with lubricating systems 
consideration must also be given to pre- 
vent end or side leakage. This condition in 
bearings is undesirable because it reduces 
the load a bearing may safely carry and 
results in extensive oil waste which creates 
problems of cleanliness both on the ma- 
chine and goods in process. 

In order to prevent this condition use 
should be made of proper oil seals which, 
in addition to conserving oil, keep dirt 
from entering the machinery. 

In all applications in which lubrication 
is required it is desirable that repeated use 
be made of the lubricant for reasons of 
economy. However, it must be remem- 
bered that oil is certainly to become con- 
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taminated while it is being used and this 
contamination definitely reduces the effec. 
tiveness and efficiency of the lubricant, 
resulting in injury to bearing surfaces. 

Air, in the presence of hot oil, results in 
oxidation and the formation of sludge. 
These sludges are often acid in character 
and are injurious to the bearing linings. In 
many applications water is prevalent and 
in mixing with the lubricant tends to dilute 
the lubricant and make it ineffective as a 
load carrying medium. In addition, high 
temperatures are extremely destructive to 
oils and cause vaporization of the lighter 
constituent and the formation of carbon. 
In order to assure clean, suitable oil, two 
methods are generally used, that of filter- 
ing or separation by gravity. 

Obviously some methods of tubrication 
are more expensive than others. There are 
many ways of reducing costs in designing 
machinery but the selection of an inferior 
or inadequate system of lubrication is not 
one of them. The most expensive bearing 
in the world is the one that fails. The 
easiest way to be certain of getting the 
greatest value and performance out of 
your bearing applications is to consult with 
Johnson Bronze. Our engineers are fully 
competent to give the proper advice and 
assistance on all your bearing problems. 
They will work with you without obligation. 

















































In some bearing applications it is often possible 
and practical to provide recesses on the outside 
diameter of the bearing which serve as oil reservoirs. 
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Informative Labeling 


To the general public, “plastics is plastics”. 
Mr. Little Consumer would be surprised in- 
deed to learn that there are literally 101 
different plastic materials. Because this situ- 
ation exists, the Society of the Plastics In- 
dustry should be lauded and encouraged in 
its informative labeling program, which is 
now ready to go into high gear. 

Most of us have, at one time or another, 
purchased some plastic gadget which failed 
to survive what we assumed to be normal 
usage. Perhaps it was our fault; perhaps it 
was the plastics. Regardless of the fault, we 
were still a little leery when next we came in 
contact with any plastics object. 

Now, the SPI is enlisting the coopera- 
tion of everyone involved in making, dis- 
tributing and selling plastics products in a 
campaign to label every product intelligently. 
Materials producers are to work with con- 
sumers of the raw materials so that first of 
all they do not misapply the materials. 
Second, the ultimate sellers of the products 
are to participate so that they do not get 
overenthusiastic in their claims. 

If the manufacturers or distributors of the 
products follow the SPI’s plan, their prod- 
ucts will bear labels telling: (1) What it 
(the product) is; (2) what it will do; (3) 


what it is made of; (4) how it is made; 
(5) how to take care of it; and if apt, (6) 
guarantee. 

A few years ago, some government bu- 
reaus were trying to make grade labeling of 
foods and some other products mandatory. 
Steps like this taken by technical societies 
and business associations are the best meth- 
ods of forestalling further government con- 
trol. 

It is likely that other materials groups 
might be smart to adopt some sort of in- 
formative labeling. For instance, stainless 
steel requires certain precautions to keep it 
gleaming, but most consumers of the ulti- 
mate stainless steels products do not know 
this. Even products made of ordinary steel 
could be made to give better service if the 
buyer is told how to protect the steel from 
rust and how it can be cleaned if it should 
rust. 

Whether or not this movement goes far, 
the mere fact that the SPI is pushing infor- 
mative labeling in its own field is a step in 
the right direction. Perhaps the time, money 
and headaches saved by the program will 
inspire others to follow suit. 


T. C. Du Mond 
Editor 
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HI-STEEL reduces weight without sacrificing strength 


- 


By using Inland HI-STEEL instead of ordinary structural-grade carbon 
steel, you can reduce sectional thicknesses, minimize dead weight, and cut 
your steel requirements as much as 25% per unit of production. This is pos- 
sible because HI-STEEL’s high strength-to-weight ratio permits the use of 
much greater unit stress in design ... and has 50% greater ability to stand 
up under impact loads. 














Inland HI-STEEL has about five times the atmospheric corrosion resist- 
ance of ordinary structural-grade carbon steel, and is far more resistant to 
abrasion. It can be easily worked hot or cold. Write for booklet. INLAND 
STEEL CO., 38 S. Dearborn St., Chicago 3, Ill. Sales Offices: Chicago, 
Davenport, Detroit, Indianapolis, Kansas City, Milwaukee, New York, 
St. Louis, St. Paul. 


HI-STEEL meets the requirements of SAE Specification 950. 
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How to Select Anode Materials 


for Cathodic Protection Against Corrosion 


by N. BRUCE BAGGER, Associate Editor, Materials & Methods 





Intelligent use and selec- 

tion of galvanic anodes, or 

waster plugs, greatly re- 

duces electrolytic corrosion 

in many types of equip- 
ment. 


JULY, 1949 


@ CORROSION, and its attendant 
losses, costs millions of dollars a year. 
This loss could be materially reduced 
by proper preventive measures. Ca- 
thodic protection is outstanding 
among these preventives and can be 
used effectively to combat the ravages 
of corrosion in many different appli- 
cations. 

Corrosion on the inside of domestic 
hot water tanks, superheaters, heat 
exchangers, etc. and on certain 
marine equipment such as rudders 
and ship plating is a result of gal- 
vanic action of dissimilar metal 
couples, or potential differences on 
the surface of the metal. A reaction 
takes place between the water and 
the metal surface and sets up a cur- 
rent flow from the anodic to the 
cathodic areas. As a result, the anodic 
areas lose metal and corrosion occurs. 

In certain buried metal structures, 
such as domestic oil tanks, sewers, 
conduits, etc., exterior corrosion re- 
sults from electric current flowing 
from the metal into the adjacent soil. 
This current is produced at the sur- 
face of the metal from action between 
the metal and chemicals in the soil, 
from galvanic corrosion, or from stray 
current from an adjacent d.c. electric 
system. 


Cathodic protection for these cor- 
rosion difficulties is achieved by im- 
pressing inward-flowing currents to 
counteract, and thus prevent, the out- 
ward-flowing currents of corrosion. 
In principle, this electrochemical ac- 
tion is essentially the same as that of 
a common dry cell. The externally- 
supplied energy can be obtained from 
either of two current sources: (1) 
Where high current is required, d.c. 
generators or rectifiers connected 
positively to the electrolytic anode 
and negatively to the protected mate- 
rial can be used; (2) where less 
protective current is needed, galvanic 
anodes or waster plugs can be used 
Since these plugs or rods supply a 
galvanic potential to combat the cur- 
rents of corrosion, they are naturally 
dissolved by the protective current 
they discharge and must be renewed 
at intervals. But under favorable con- 
ditions, these types of anodes last 
several years before replacement be- 
comes necessary. 


Selection Factors 


When selecting specific metals for 
use as galvanic anodes, certain of 
their properties and characteristics 
should be considered. Among these 
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are the following: (1) the potential 
of the anode metal with respect to 
that of the metal to be protected; (2) 
the electrochemical equivalent of the 
anode metal; (3) the polarization 
characteristics of the anode metal as 
affected by time, environment and 
anode current density; and (4) the 
uniformity of the anode metal com- 
position. 

The metal selected must not only 
be anodic to the protected metal, but 
the potential difference developed 
must be sufficient to properly polarize 
the local cathodes of the protected 
metal. Additional voltage impressed 
provides increased “throwing power’, 
reduces the number of installations 
required, and correspondingly reduces 
installation costs. 

The following table gives the elec- 
trochemical equivalents of three 
commonly-used anodic materials: 








Gm. per | Lb. per Amp.- 

Amp.- | Amp.- | Hr. 
Metal Hr. Yr. per Lb. 
Zinc 1.22 23.5 372 
Magnesium 0.45 8.8 1000 
Aluminum 0.33 6.5 1352 











But these theoretical current yields 
are seldom realized in actual practice 
because of side reactions. Thus, there 
is a need for determining current 
efficiency and the effect of operational 
and environmental factors. 

As a general rule, the most desirable 
anodic materials exhibit a minimum 
of polarization with respect to time 
and current density; many galvanic 
anode installations operate for periods 
up to 5 or 10 yr. without replacement 
of anodes, or wasters. 

Uniformity of consumption is es- 
sential for maximum anode life, cur- 
rent efficiency, and energy recovery. 
If high current efficiencies are 
achieved at the expense of corrosion 
uniformity, the losses arising from 
anode segregation can more than 
offset any gain derived from the in- 
crease in efficiency. 


Magnesium 


Magnesium, because of its high 
anodic position in the EMF series, is 
admirably suited as an anodic mate- 
rial. Electrical output of magnesium 
is theoretically 1000 amp.-hr. per Ib 
With the exception of lithium, this is 
a larger capacity than that of any 
other metal of comparable driving 
power, and magnesium shows little 
tendency to polarize. 

Commercially pure magnesium has 
a 0.1-v. higher solution potential than 
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Mi ALLOY NO 2&6 


366 DAYS EXPOSURE 
AVERAGE CURRENT 200MA 
OTAL AMP HOURS 1722 
WEIGNT LOSS 3.108 LBS 
AMP HRS. PER LB. SS4.5 





HI ALLOY NO &S 


1864 DAYS EXPOSURE 
AVERAGE CURRENT 200 MA 
TOTAL AMP HOURS 855 
WEIGHT LOSS |.633 BS 
AMP HRS PER LB 523 


Condition of the magnesium anodes of different compositions after completion of tests 
simulating service conditions. Note irregular depth of corrosion. (Courtesy Dow Chemical Co.) 


anode _in- 
in outlet of 
water heater tank. Out- 
let diameter limits di- 
ameter of anode. More 
central installation away 
from outlet would permit 
larger diameter anode to 
be used and result in 
more uniform coverage 
of protected surface. 
(Courtesy Dow Chemical 

Co.) 


Magnesium 
stallation 


insulated 
conrection 


” 


arloce 


its commonly-used alloys. But it is 
more subject to lower current efficien- 
cies and correspondingly shorter life. 
In alloying, some of the voltage is 
sacrificed. But this loss is more than 
compensated by increased efficiency 
and prolonged anode life. A special 
magnesium alloy of high current eff- 
ciency has been developed for anode 
use. The composition limits of this 
alloy are: 5.6 to 6.7 aluminum, 0.18 
manganese, 2.5 to 3.5 zinc, 0.3 silicon, 
0.05 copper, 0.003 nickel, 0.003 
iron, 0.4% other impurities, and the 
balance magnesium. 

An important use of magnesium 
anodes is in domestic hot water tanks 
and similar steel structures. The de- 
gree of corrosion control achieved 
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here is affected by many factors. 
Among these are: (1) rate of water 
change in tank, (2) amount and na- 
ture of dissolved solids, (3) concen- 
tration of dissolved gasses, (4) cur- 
rent flow from the anode as deter- 
mined by the electrical conductivity 
of the water, and (5) the water 
temperature in the tank. 

Although zinc galvanizing is cus 
tomarily used in these tanks to inhibit 
corrosion, it is not always possible t 
obtain a perfectly continuous coat 
ing. Minute pin holes expose the¢ 
bare steel, and as the zinc eventually 
dissolves, corrosion of the steel take 
place. The protection afforded by the 
magnesium anodes is largely confinec 
to the tank alone. The protective cur 
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Typical protection of buried metal structure 

by magnesium anode. Use of backfill slurry 

reduces the anode resistance and increases 

its current efficiency. (Courtesy Dow Chem- 
ical Co.) 


Threaded into the walls of tanks, heat ex- 
changers and similar structures, these zinc 
rods fitted with standard pipe-plug ends 
adequately protect the interior surfaces 
against corrosion. (Courtesy Rotometals, Inc.) 


rent is not sufficient to penetrate far 
into the piping that conveys water to 
and from the tank. 

The magnesium anode is usually 
installed in as nearly central location 
in the tank as possible in order to 
obtain equitable distribution of cur- 
tent. And since the magnesium usu- 
ally connects to a dissimilar metal in 
the tank head, or wall, protection 
against galvanic action should be 
made at this point to prevent the 

ode from “necking off.” 

When magnesium anodes are used 

protect buried metal structures 
such as domestic oil storage tanks, 
Cwers, piping or conduit, the resist- 
nce of the soil determines the cur- 
nt efficiency and anode life. Among 

i¢ advantages of magnesium anodes 
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for this type of installation is the 
self-regulation of current output. As 
the current demand decreases due to 
polarization of the buried structure, 
the current output of the magnesium 
automatically decreases. Another ad- 
vantage is magnesium’s comparatively 
low driving potential. This prevents 
injury to the structure coating caused 
by application of over voltage. 


Aluminum 


Aluminum is a good anodic mate- 
rial for cathodic protection. But where 
an external source of d.c. power is 
applied, anodes of aluminum-copper 
alloys such as 17S-T and 24S-T 
are superior to either commercially 
pure aluminum or the aluminum-zinc 
alloys. These aluminum-copper alloys 
have certain inherent advantages 
when used as anodes with applied 
current. One is their low electro- 
chemical equivalent. With 100% 
anode current efficiency, a smaller 
weight of aluminum will be dissolved 
per amp.-hr. than in the case for any 
any other appropriate metal. The 
corrosion products of aluminum are 
white or colorless, and adhere to the 
anodes after forming. This prevents 
discoloring or contamination of the 
electrolyte; particularly important 
when the anodes are installed inside 
water storage tanks. Another advan- 
tage is aluminum’s uniform dissolv- 
ing rate. No deep pits develop on the 
surface of the anode, and no film of 
high resistance forms to limit current 
flow. The light weight of aluminum 
anodes is also an advantageous factor 
in reducing costs incidental to the 
installation of the wasters. 

High-purity zinc is also used for 
cathodic protection purposes. But 
the resistance of the electrolyte as- 
sumes greater importance when zinc 
anodes are used since a highly re- 
sistant electrolyte will inhibit the gal- 
vanic deterioration of the zinc. Where 
this resistance amounts to several 
thousand ohms per cu. cm., zinc is 
not usually economically feasible 
since the great area of zinc that 
would be required for satisfactory 
results would prohibit its use. 


Steel and Iron 


Anodes of steel, cast iron and car- 
bon, each with current supplied from 
an external source, are sometimes 
used for cathodic protection pur- 
poses. But they have several dis- 
advantages. Iron is usually unsuited 
because of its high electrochemical 
equivalent, about 20.2 lb. per amp.-yr. 
Iron or steel anodes, big enough to 
last several years at Customary current 
densities, are much too heavy for 
easy installation. Such anodes also de- 
velop localized pitting attacks. Carbon 
anodes, although sometimes used, are 
impractical from an installation stand- 
point because of their mechanical 
properties, and they require consider- 
ably more work to install than the 
other customary types. 

A comparison of the three major 
anodic materials per quantity of cur- 
rent supplied is important from a 
cost standpoint. In this, a convenient 
quantity of current to use is the 
amp.-yr. The following table shows 
the approximate cost per amp.-yr. of 
different forms of magnesium, alumi- 
num and zinc. The calculations in this 
table are based on 100% current 
efficiency, and the costs are based on 
carload lots. 

From this it would appear that the 
cost of current at 100% current 
efficiency from an aluminum anode is 
always lower than that from either 
magnesium or zinc. However, as men- 
tioned before, much depends upon 
the resistance of the electrolyte. In 
certain installations, for instance, 
magnesium anodes will deliver more 
current per anode of given surface 
area than either aluminum or zinc. 

It is obvious, therefore, that before 
any material is selected as the anode 
for cathodic protection, considerable 
study should be made of all the fac- 
tors affecting its use. No one set of 
rules will apply in all installations. 
In the past, zinc anodes have enjoyed 
considerable popularity. But in re- 
cent years, the light metals and their 
alloys have proved to have several 
fundamental advantages. None should 
be overlooked in selecting the proper 
anode material. 

















Cost per Amp.-Yr. in Dollars 
Lb. Metal 
Metal per Plate, 2 In. Rod, 142 In. | Bar, 2 by 3 in. 

Amp.-Yr. Pig Thick Dia. Rectangular 
Magnesium 8.8 1.804 4.136 3.196 4.444 
Aluminum 6.5 0.910 1.378 1.495 1.593 
Zinc 23.5 2.174 2.938 3.466 2.938 

(Table courtesy National Association of Corrosion Engineers) 
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A group of turbo mixers of 18:8SMo casting alloy used in chemical processing. 








Molybdenum-Bearing Stainless Casting Alloy 


The addition of molyb- 
denum to _ conventional 
18:8 stainless steel has 
produced a popular cast- 
ing alloy with improved 
corrosion resistance, and 


increased strength at ele- | 


vated temperatures. 


Has Wide Range of Uses 


by NORMAN S. MOTT, Chief Chemist and Metallurgist, The Cooper Alloy Foundry Co. 


@ THE MOLYBDENUM-BEARING 
chromium-nickel alloy, designated 
CF-8M by the Alloy Casting Institute, 
is receiving ever wider use in indus- 
try because of its set of unique and 
useful properties. It is estimated that 
around one-third of the stainless steel 
casting industry's current 18:88 stain- 
less steel output is in alloy type CF- 
8M. In the past year, several com- 
panies specializing in the casting of 
stainless have announced that any- 
where from 50 to 80% of their 18:8S 
output has been produced in this 
alloy. The purpose of this paper is 
to present data covering its proper- 


ties and types of uses so that a clear 
overall picture can be had of the 
alloy’s range of applications. 


Corrosion Resistance Properties 
Alloy CF-8M is a modification of 


the conventional low carbon 18 chro- 
mium: 8% nickel alloy, so commonly 
used in the corrosion resisting allo} 
field for many years. The addition of 
molybdenum, which distinguishes this 
alloy, tends to enhance corrosion re- 
sistance and raise the strength at ele- 
vated temperatures. Molybdenum in- 
creases its passivity under mildly 
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oxidizing corrosion conditions, im- 
proves its inherent corrosion resis- 
rance in reducing media, lowers its 
susceptibility to intergranular corro- 
sion after critical heating, such as 
would result from a welding opera- 
tion, and produces practical immunity 
1o the pitting type of corrosion caused 
by sea water and chloride chemicals. 

Passivity, a surface characteristic of 
nobility and low corrosion rate, is 
maintained with a 2% and upwards 
addition of molybdenum under many 
practical corrosion conditions; how- 
ever, when the molybdenum content 
exceeds about 3%, an excessive rate 
of corrosion results in the boiling 
65% nitric acid test commonly used 
for 18:8 type alloy acceptance. There- 
fore, 3% is taken as the maximum in 
most specifications. 

Molybdenum additions of 2 to 3% 
are also quite effective in reducing 
susceptibility to the intergranular type 
of corrosion, being about as potent 
in this respect as columbium additions 
in its usual amount (e.g., 8 x % C). 
In a great variety of corrosive media, 
this obviates the necessity of heat 
treatment after welding operations; 
however, in the sensitized condition, 
the general corrosion resistance to 
boiling 65% nitric acid is low. Thus, 
CF-8M is not recommended for use 
in hot nitric acid unless a quench an- 
neal heat treatment is given after 
welding operations. Double additions 
of columbium along with the molyb- 
denum are of no greater benefit than 
molybdenum alone in preventing 
intergranular corrosion, and are ex- 
ceedingly bad in general corrosion 
resistance, giving very high rates in 
the boiling 65% nitric acid accept- 
ance test. It may be stated at this 
time that a columbium addition alone 
offers no resistance to any corrosive 
media, and it is added for the purpose 
- intergranular corrosion prevention 
one. 


The pitting type of corrosion in 
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Co. stainless steels is caused above all by 
the halides and their wet salts, or salt 
* solutions. Molybdenum additions to 


aa a 83:85 are of special value in avoiding 

his form of corrosion. Of various 
srades of stainless compositions, the 
F-8M alloy has the highest resis- 
: Meance. Almost complete immunity to 
it corrosion can be accomplished by 


a ” ceeping the silicon content up to 2% 

only ane CF-8M alloy, making it the 
’ Weesual in this respect to nickel and 

Lic - 4 t nel. 

his . oa is superior to CF-8 and 
pa ‘OC In resistance to stress corrosion 

ae . racking; in this case, however, higher 

vine 4 lolybdenum percentages of 3 to 4% 


re better, and a stress relieving an- 
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Typical microstructure of sensitized fully austenitic 18:8 alloys showing 

carbide precipitation at grain boundaries (left), compared to microstructure 

of sensitized ferritic CF-8M alloy (Mo 2.83) with carbide precipitation in 
ferrite pools (right). (Courtesy Alloy Castings Institute) 


neal at 1600 F improves resistance. 
This suggests the possibility of CF- 
8MC being most suitable for this con- 
dition, as the ferrite formation in the 
alloy, combined with uniform distri- 
bution of carbides, should promote 
the most resistance to stress corrosion 
cracking. Hot solutions of acidulated 
chlorides, especially zinc and mag- 
nesium, are the worst offenders in 
this form of corrosion failures. 
Molybdenum in itself rates high in 
corrosion resistance, and its inclusion 
in the 18:8 analysis imparts added 
resistance to many corrosive media. 
Use of CF-8M gives improved resis- 
tance in the following environments: 


1. Organic acids or their va- 
pors, especially when hot. 

2. Cold and hot dilute solu- 
tions of sulfuric acid. 

3. Phosphoric acid when con- 
centrated and hot. 

4. Fatty acids at elevated tem- 
peratures. 

5. Solutions or vapors con- 
taining small percentages 
of chlorine, hydrochloric 


acid or other halogens and 

their acids. 

6. Hot solutions of chlorides. 
Acid salts or neutral salts, 
accompanied by a small 
percentage of acid. 

8. Sulfurous acid solution at 
high temperature and pres- 
sures, or where small 
amounts of sulfuric acid 
may be present due to oxi- 
dation, as in the sulfite 
pulp processing liquors. 

9. Hot strong caustic solu- 
tions. 

10. Oxidizing alkaline or acid 
salts. 

Aeration and turbulence of the 
corroding media often affect the rate 
of corrosion, and the presence of solid 
material may add erosion-corrosion or 
under-deposit pitting to the picture. 
Alloy CF-8M, unlike CF-8, is more 
resistant in agitated than in quiet 
solutions, and the addition of aera- 
tion causes little change in the corro- 
sion rate. CF-8M is more resistant to 
erosion-corrosion than CF-8, and its 
superior resistance to the pitting type 


oil 


These polished agitators of molybdenum-bearing stainless steel meet severe corrosion 
resistant requirements. 






















Mechanical Properties of CF-8M 














Room Temp. 1000F | 1200F 1400 F 
Ultimate Strength, Psi. 90,000 58,000 | 40,000 | 23,000 
Yield Point, Psi. | 55,000 18,300 | 17,000 | = 14,200 
Elongation, % in 2 In. 50 37 | 33 | 23 
Reduction of Area, % 55 56 | 55 33 
Modulus of Elasticity, Psi. 28,000,000 -— — — 
Impact Strength, Charpy | -200 F 
Std. Keyhole—Ft.-Lb. 60 45 — tics 
Fatigue Strength, Psi. | 45,000 — — — 
Hardness, Brinell No. 155 — — — 
Cold Bend Test, Degrees | 180 | -- -— — 
Creep Strength, 1% Creep | 1000F | 1200F 1400 F 
in 10,000 Hr., Psi. | — | 24,000* | 11,000° 4,000* 











*Values for wrought Type 316 matecrial—no data available for castings. Comparative values for 18:8 Type 


302 are: 1000 F, 18,000; 1200 F, 7,000; and 1400 F, 2,000. 


Physical Properties of CF-8M 


Specific gravity 8.00 
Density, Ib. per cu. in. 0.292 
Melting point, solidus F 2500-2550 
Specific heat, btu./lb./F 
32-212F | 0.12 
Coefficient of thermal 





expansion, 32-212 F 0.0000089 
in. per in. per F 32-950 F | 0.0000097 
32-1200 F | 0.0000103 


Thermal conductivity, 
btu/sq. ft./hr./F/in.212F | 108 


950F | 145 
Electrical resistivity, 
ohms/cir mil ft.,32 F | 420 














of corrosion has been previously 
pointed out. 


Other Properties and Applications 


Some concern is frequently ex- 
pressed over the presence of mag- 
netism in CF-8M. This magnetism is 
due to the presence of the metallo- 
graphic constituent ferrite, which 
must not be construed as being detri- 
mental, as 10 to 15% or more is 
necessary for a good resistance to 
intergranular corrosion, and up to 
30% can be tolerated without being 
too detrimental to mechanical prop- 
erties. 

Unless the concentration of certain 
elements are adjusted outside the CF- 
8M specification range, molybdenum 
causes the formation of ferrite in the 
microstructure, and the alloy becomes 
a two-phase alloy, with the austenite 
predominating. Consequently, CF-8M 
can show gradations in microstructure 
and magnetism, depending primarily 
upon the chemical composition. Esti- 
mation of the approximate amount of 
ferrite present in CF-8M and other 
similar alloys can be accomplished by 
the use of a phase diagram based 
upon the nickel and chromium 
equivalent values. 

The microstructure of CF-8M can 
be varied by the chemical composi- 
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tion, as stated before, and can also be 
varied by heat treatment. No carbides 
to speak of are found in the quench- 
annealed condition. In the fully 
austenitic alloys, which have been 
sensitized by heating in the carbide 
formation range, carbide precipitation 
occurs preferentially at the grain 
boundaries in the form of a continu- 
ous phase which is mechanically weak 
and which allows rapid intergranular 
corrosion. 

In the partially ferritic molyb- 
denum bearing alloy, CF-8M, the car- 
bides precipitate in the ferrite pools, 
which are not continuous, and there- 
fore the alloy is not weakened me- 
chanically or subject to corrosion 
attack of the intergranular formation 
when CF-8M is heated in this tem- 
perature range of 900 to 1600 F. 

The mechanical properties of CF- 
8M at room temperature show good 
strength, ductility and toughness, the 
latter being maintained at a good 
level for subzero temperatures, a con- 
dition often found in present day 
chemical processing. As stated before, 


the addition of molybdenum to 18:8 
raises the strength at elevated tem- 
peratures, the load carrying ability of 
CF-8M ranging from 50 to 100% 
over that of CF-8 or CF-20. This 
feature makes CF-8M desirable for 
use in corrosion resisting valves for 
high temperature and pressure ser- 
vice. In heat applications CF-8M 
should not be used above about 1600 
F, as at this temperature the alloy 
starts to scale in air. 

The machining of CF-8M is slight- 
ly more difficult than CF-8; however, 
a machine shop experienced and 
equipped to handle stainless should 
have little difficulty in this respect. 
Weldability is about the same as CF. 
8 and, as previously pointed out, the 
necessity of a post heat treatment to 
preserve corrosion resistance is ob- 
viated. 

In conclusion, some notable uses 
for CF-8M are listed to show its ver- 
satility in many diversified corrosive 
applications: 

Paper pulp digestor fittings. 

Film developing parts. 

Mine pumps handling erosive 

acid waters. 

Handling products of combus- 

tion containing sulfur dioxide 

in the cooler sections of the sys- 
tem where condensation and 
severe Corrosion may occur. 


In the petroleum industry for 
pumps where brine is associated 
with crude oil. 

High temperature corrosive 
valve service. 

In the food industry for han- 
dling flavoring sauces or brines 
for pickles. 


Phase diagram for chromium-nickel steel alloys. Approximate amount of ferrite present in 
CF-8M can be determined from this chart. (Courtesy Arcos Corp.) 
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MATERIALS & METHODS 











Compositions and Designations for Alloy Casting Institute 18:8 Type Alloys 





ani Chemical Composition, % Equivalent Designations 
Designation Cc Cr Ni | Other Elements AISI ASTM Others 


CF-20 | <0.20 18-21 8-11 | 302 A296-46T G3 18-8 KA2 
CF-8 | <0.08 18-21 | 8-11 304 A296-46T G1 18-8S KA2S 
CF-8M § <0.08 18-21 9-12 Mo 2-3 316 A296-46T G4 18-8SMo KA4 
CF-8C <0.08 18-21 9-12 Cb 8 x C 1.00 Max. 347 A296-46T G5 18-8SCb 
CF-8MC <0.08 18-21 9-12 Mo 2-3 Cb 8xC 1.00 Max. -- ~- 18-8SMoCb 


=o 


























Susceptibility to Intergranular Corrosion of the Molybdenum 


Equipment for handling corro- Bearing Alloys as Compared to the Other 18:8S Types 
sive paper bleaches or acid dye- 
ing baths. 





Corrosion in Boiling 65% HNO. after Sensitization at 1200 F for 24 Hr. 
% Mo | %Cb | Corr. by Weight Loss | Corr. by Elec. Resis. Ratio 


| 
| 
i 





To handle nitrating acids for 


explosives. 0.00 0.01500 0.11200 7.46 


1.00 | | 0.00 ’ 
In the ammonia soda process to 1.40 | | poet es py age 


handle ammonia-sodium chlo- 1.83 | 0.04925 0.06720 | 1.36 


ride liquors. 2.50 0.07430 | 0.10700 | 1.44 
5.00 0.24110 | 0.37900 1.57 
| 








To handle chlorinated solvents on 69 0.00432 0.00580 | 1.34 
when moisture is present. 1.74 .74 0.15030 0.20270 1.35 
In the manufacturing of boric Base composition 0.08-0.09 C, 19 Cr, 9% Ni. Ratio of corrosion rate by electrical resistance method to 


s j direct weight loss method when over 1.7 indicates intergranular attack. Corrosion values in inches penetra- 
acid. tion per month. 











This nozzel for a vacuum pump, cast of 
CF-8M alloy, is subjected to steam at super- 
sonic speeds. (Courtesy Croll-Reynolds Co.) 
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@ RADIO, AIR-CONDITIONER and 
similar cabinets can now be made of 
a new Micarta material that combines 
the advantages of wood with those 
of high-pressure laminated plastics. 
Accurately molded sections of the 
laminate, either in flat pieces or em- 
bodying simple curves, permit assem- 
bly-line production of cabinets with 
complete interchangeability. Low fab- 





Plastic Laminate for Cabinets 
Is Easily Fabricated 





ricating and assembly costs more than 
make up for the higher initial cost 
of this material. 

The new laminate is available in 
wood-grain finishes, in surface de- 
signs distinctive to the material itself, 
or in decorative finishes common to 
plastic materials today. Both sides of 
the material can be completely fin- 
ished as it leaves the mold, and either 


This wood-derived high pressure 

phenolic laminate, known as Mi- 

carta, is highly durable and can be 

accurately molded and easily fab- 
ricated at low cost. 


by J. L. FEELEY, Design Engineer and C. J, RAPP, Manufacturing Engineer, Micarta Div., Westinghouse Electric Corp. 


satin or high gloss finish is obtainable. 
Molding the laminate in sections per- 
mits a varied contour and, if desired, 
different surface designs or colors can 
be employed on the various sections 
A surface sheet of printed paper is 
commonly used with either phenolic 
or melamine resins; however, an ac- 
tual wood veneer impregnated and 
molded can be used as the laminate 


Record player cabinet disassembled showing Micarta panels that are used in its construction. 








rp. 


} 
7 
4 
¢ 


~ 
i te te 








. 








surface where the extra cost is justi- 
fied. 

Finished radio cabinets made of 
this laminate are practically indistin- 
guishable from highly polished, best 
quality cabinet wood. At the same 
time they are resistant to scratching, 
alcohol, solvents, boiling water, and 
burning cigarettes. The molded sur- 
faces made by the new technique 
have an abrasion resistance of five 
times the usual phenolic impregnated 
wood print laminates and eight to ten 
times the surfaces applied by roll 
transfer coating. 

The laminate is composed of a 
number of sheets of phenolic treated 
kraft paper sufficient to give a desired 
thickness after molding, and on either 
side of this body stock are placed the 
special printed phenolic or melamine 
impregnated surface sheets. The built- 
up body and surface materials are 
then molded to close tolerances in 
chromium plated steel molds. The 
phenolic surfaced pieces are com- 
pletely molded under high tempera- 
tures and pressures within 3 to 5 min. 
The melamine surfaces require a little 
more time, and both types are pulled 
from the mold hot. 

The sections leave the mold with 


their outer and inner surface finish = | 


complete. Thus sanding, prime coat- 
ing, hand roll wood print transfer, 
lacquer coatings, and drying as re- 
quired to produce a less durable sur- 
face finish on plain laminates, hard 
fiber, or wood are eliminated. 

The printed surface sheet can be 
made to represent any woods in the 
following cuts: rotary, half round, 
sliced or sawed, depending upon the 
type wood and in the following va- 
riety of figure: plain, quartered, rib- 
bon or broken stripe, rope, roe, 
mottle, fiddleback, raindrop, finger- 
roll, curly, blister, bird’s-eye, quilted 
and plumpudding. Color variation 
can be varied in the paper making, 
printing and impregnating opera- 
tions. 

Should the desired design not be 
available in the form of a printing 
roll, the design can be had by photo- 
graphing a piece of the actual veneer 
and transferring the photograph to a 
printing roll by an etching process. 
Special surface paper is then printed, 
using an ink capable of withstanding 
the high temperatures and pressures 
of the molding process. 
the machining operations to insure 
interchangeability in assembly. After 
finish machining, the sections are 
shipped knocked-down directly to the 
assembly line where they are proc- 
essed in very much the same way as 
radio chassis. The cost reductions in 


Fabrication Characteristics 


Fabrication of the molded sections 
consists of straight and miter sawing, 
end milling, drilling and buffing. 
Close tolerances are held throughout 
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One operation in the production of Micarta is to press a build-up of phenolic-treated paper 
in a high pressure press. Molds are chromium plated. 
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and milling. 


fabricating, shipping and assembly 
effect a considerable savings over the 
cost of wood cabinets. 

A typical cabinet consists of five 
molded pieces. The molded pieces are 
first sawed to size. The side pieces of 
the cabinet are then miter sawed on 








Infra-red heating and wooden molds can 
be used for postforming mock-ups. 


the upper back edges. The lid is also 
miter sawed on the back edges to 
match the side pieces. The decorative 
contour on the side pieces are then 
machined on a pantograph machine 
by use of an end mill. This contour 
can be varied by simply changing the 
template on the machine. 

Assembly, record changer mount- 
ing, wire cord mounting, and hinge 
mounting are drilled on multiple 
spindle drilling machines. The use of 
adjustable drill heads permit hole lo- 
cations to suit the particular design 
with a minimum of set-up time. 
Finally, the five pieces that make up 
the cabinet are buffed to remove all 
sharp edges. 

Assembly of the cabinet is made 
by first riveting a light weight “U” 
shaped angle iron frame to the front 
partition. This in turn is riveted to 
the side pieces, forming a base for 
mounting the record changer. The 
next step is to rivet a metal strip to 
each side of the back piece. The back 
is riveted to the assembly of the 
front and side pieces, completing the 
four walls of the cabinet. Next, 
hinges are attached to the lid and 






































cabinet assembly. 

All exposed rivets on the sides are 
counterbored and covered by a ce- 
mented leatherette strip. The back 
of the assembled cabinet has the same 
finished appearance as the rest of the 
cabinet. All visible hardware has been 
confined to this area and thus does 
not detract from the overall appear- 
ance. 

Design of new cabinet models is 
aided by the quick development of 
mock-ups from low cost cast iron 
molds having chromium-plated press- 


ing plates. Post forming by use of 
wooden molds is also used in making 
mock-ups. 

Not only does this type of cabinet 
construction lend itself to consider- 
able cost reduction as compared to 
wood cabinets, but difficulty experi- 
enced in matching colors and designs 
between cabinets when using scarce 
decorative woods is eliminated. The 
laminates are manufactured under 
controlled processes, providing uni- 
form qualities and appearance in 
individual parts. 


Properties and Characteristics of Micarta 








Performance Tensile 16,000 psi. 
Properties Compressive 38,000 psi. 
Flexural 27,000 psi. 

Shear 9,000 psi. 


Drilling: 
single point or multiple 
spindle head 


Machining and 
Finishing Data 


Available 
Contours 




















Types of Joints 






Nore: 
Assembly 
Blocks 
Mo/ded 
to Prece 





Impact (Charpy) 9.0 ft. lb. 














Moisture absorption: Heat resistance: Resistance to alcohol, sol- 
1/16-in. thickness 2%. distortion>320 F. Will | vents, fruit acids, cigarettes, 
Does not swell withstand 180 C for 2 | sunlight, crazing, cracking 
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Induction Hardening Successfully Applied 


Scale-free, hard-wearing 

roller path surfaces with 

practically no distortion 

were obtained using high- 

frequency surface hard- 
ening. 


@ FOR OPTIMUM PERFORMANCE 
and service life of large bearing races, 
it is frequently desirable to obtain a 
hard bearing surface. However, it has 
been found difficult and often imprac- 
tical to harden these large roller paths 
by conventional methods. For this 
reason it was decided to determine 


to Large Steel Bearing Races 


by R. H. LAUDERDALE, Metallurgist, Northern Ordnance Inc. 


the feasibility of surface hardening 
large bearing races by the induction 
hardening process. 

The particular roller paths involved 
were 82 in. inside dia. with a section 
1.5-in. thick by 2.56-in. wide. Pre- 
viously, an intermediate through hard- 
ness of about 32 Rockwell C was 


specified. However, many of these 
roller paths showed evidence of 
“Brinelling” after having been in 
service. To avoid this in new designs, 
it was believed advisable to obtain 
a hard bearing surface of around 60 
Rockwell C over a core of interme- 
diate hardness. 


Set-up used for hardening bearing races. Roller paths were fed progressively through inductor shown in left foreground. 














Location of hardness readings taken at overlap area (above) and on cross section of the 
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roller paths (below). 





Several problems had to be studied 
in determining the feasibility of in- 
duction hardening. It was necessary 
to find out whether distortion or di- 
mensional changes would occur that 
would require excess stock removal 
after hardening; the hardness pattern 
in the overlap area had to be deter- 
mined; and the danger of hardening 
cracks had to be investigated. There- 
fore, six roller paths with known 
dimensional characteristics were pro- 
gressively induction surface hardened 
in various manners. 

The roller paths used had a smooth 
chromium plated surface and had 
been previously through hardened to 
around 32 Rockwell C. The analysis 
of the steel was as follows: 


Carbon 0.40 to 0.50% 
Silicon 0.15 to 0.35% 
Manganese 0.50 to 0.80% 
Nickel 3.0 to 3.50% 
Chromium 1.40 to 1.60% 


The high frequency equipment 
(Tocco) consisted of a 440-v. source 
of 9600 cycle current, a 14 to 1 ratio 
step down iron core water cooled 
transformer, a 230 KVA Pyranol 
Capacitor unit, and a single turn split 
type copper inductor with integral 
36-deg. angular water quench. A 
constant speed motor driven rubber 
drive wheel fed the roller paths pro- 
gressively through the inductor. The 
roller paths were supported in a hori- 
zontal plane by eight needle bearing 
roller assembly units, and were guided 
through the inductor by suitable nee- 
dle bearing guide roller units located 
on the inside and outside diameters 
of the roller path at points near the 
inductor. A secondary or auxiliary 
water quench was located about 12 
in. away from the inductor. 


Hardening Procedure 


Four roller paths were hardened 
with a single turn straight inductor 
and two with a single turn 36-deg. 
angular inductor (see accompanying 
photograph). Tiae object of trying 
the angular inductor (designed to 
give the same relationship between 
width of heated band and quench) 
was to obtain a hardness closure run- 
ning at an angle across the wearing 
surface of the roller path instead of 
radially. Seven guide rollers guided 
the outside diameter of the roller path 
and one on either side of the inductor 
to maintain a clearance of approxi- 
mately 0.060 in. between the coppef 
inductor and all surfaces of the roller 
path. The water spray quench hit 
the heated surface of the roller path 
in a vertical plane 4% in. away from 
the centerline of the inductor and at 
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The two types of inductors shown here were 

tried in working out the best hardening 

procedure. Top, single turn, 36-deg. angu- 

lar inductor. Bottom, single turn, straight 
inductor. 


36 deg. to the horizontal plane of the 
roller path. Thus, at any given time 
during the progressive hardening 
operation there was a narrow band 
(4 in. wide) of red hot surface 
metal continuously passing under the 
cold water spray quench. 

1 point about 12 in. away from 
the inductor, a second quench con- 
sisting of a low velocity spray of 
water surrounded the roller path to 
remove residual heat that might ex- 
pand the ring and cause binding of 
the guide rollers on the outside di- 
ameter of the roller path. Neverthe- 
less, it was found necessary to set all 
guide rollers at 0.015-in. clearance to 
provide for any expansion or out of 
roundness that might occur during 
the progressive hardening operation. 
This method of guiding the roller 
paths was later replaced by a system 
of four guide rollers acting on the 
inside diameter of the roller paths 
and two guide rollers against the out- 
side diameter on either side of the 
inductor. This system was necessary 
to keep the roller paths evenly spaced 
within the inductor in order to have 
the water quench strike the roller 

h surface in a true vertical plane 
und its periphery. The heating 
etiect from this narrow, close coupled 
uctOr was so intense that any ap- 
Preciable irregularity in the water 
pray quench would cause unevenness 
hardness and case depth. 
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Due to the fact that the roller paths 
had to be quenched down to room 
temperature to facilitate mechanical 
handling (appreciable expansion 
would cause trouble in maintaining 
working clearances), some of the 
roller paths were subjected to several 
low temperature cycles of stress relief 
to study the effect on both micro- 
structure and dimensional stability. 
Accordingly, three of the roller paths 
were placed in a large circular electric 
furnace and held approximately 1 hr. 
at 400 F. Dimensions were checked 
after the roller paths had cooled to 
room temperature and the cycle was 
repeated once more. Following the 
stress relieving treatments, the roller 
paths were allowed to stand at room 
temperature for a period of 11 days 
before final dimensions were checked. 

To determine the hardnesses 
achieved by induction hardening, a 
section was cut out of one of the 
rings hardened by use of the single 
turn straight inductor. This section 
was cut to include about 14 in. of 
section on either side of the hardness 
closure. A surface hardness survey 
was made covering the closure area 
and also of the roller path cross sec- 
tion. In making the hardness closure, 
the point where the initial progressive 
hardening was started was permitted 
to progress through the inductor to a 
position even with the midpoint of 
the inductor, thus assuring the least 


possible amount of reheating of the 
previously hardened surface. 


Results Obtained 


The six roller paths were success- 
fully hardened in one pass; that is, 
no binding of the guide rollers oc- 
curred which required more than one 
hardness closure per roller path. One 
of the roller paths hardened with the 
angular closure and two hardened 
with the radial closure were given 
the stress relieving treatment after 
hardening and were measured for 
inside diameter taper. The roller 
paths were not measured for inside 
diameter taper before hardening, but 
based on measurements made on 
similar roller paths not hardened, it 
was believed safe to assume that no 
taper existed before induction harden- 
ing. 

The angular closure method seemed 
to cause the roller paths to go appre- 
ciably out-of-round. In the one 
case, out-of-roundness increased from 
0.0035 in. before hardening to 0.035 
in. after hardening. In the second 
case, out-of-roundness increased from 
0.002 in. before hardening to 0.052 
in. after hardening. Out-of-roundness 
caused by the straight or radial type 
closure ranged from 0.002 to 0.009 
in., with an average of 0.007 

Effect of induction haddeiting upon 
the average inside diameter ranged 
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General Operating Data 





Line Voltage ....... 400 v. 
Line Amperage .. 150 amp. 
Power Input ........ 62 kw. 


Reactive Power .. 2 Kvar. 
Capacitance ...... 19.2 Mfd, 184 Kva. 
Quench Water 

eae 314 gal. per min. 
Auxiliary Quench 

pe eee 14 gal. per min. 
Quench Water 

Temperature .... 52 F 


Progressive Hard- 
ening Speed .... 16 in. per min. 











from an increase of 0.009 in. to a 
shrinkage of 0.0027 in. The shrink- 
age occurred on the two bearing paths 
having the straight closure and on 
which outside diameter guide rollers 
were used. This indicated that the 
roller paths were restricted from the 
normal expansion expected as a result 
of hardening. The roller paths, which 
were guided mainly on the inside 
diameter and therefore essentially free 
to expand, showed an average diam- 
eter increase of 0.0034 and 0.009 in., 
respectively. Of the two roller paths 
hardened with the angular closure and 
guided mainly on the inside diameter, 
one increased 0.001 in. in average 
inside diameter and the other showed 
a shrinkage of 0.0002 in. Both of 
these last two values represent an in- 
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significant change on a diameter of 
82 in. 

Inside diameter taper ranged from 
0.001 to 0.002 in. for one roller path, 
from 0.005 to 0.007 in. for another, 
and from 0.001 to 0.006 in. for the 
third roller path. 

The results of the stress relieving 
treatment indicated that a rather high 
shrinkage stress developed in all roller 
paths as a result of the surface harden- 
ing operation. The shrinkage resulting 
from the stress relieving treatment 
was practically the same for each rol- 
ler path so treated even though these 
roller paths showed various values of 
diameter change (from minus 0.0002 
to plus 0.009 in.) as a result of the 
hardening operation itself. The second 
cycle of stress relief caused practically 
no further change in dimensions; this 
was also true of additional aging at 
room temperature for 11 days. 

The changes in out-of-roundness as 
a result of the stress relieving treat- 
ment were 0.0045-in. decrease for one 
roller path, 0.001-in. for the second, 
and 0.0045-in. decrease for the third. 
These changes are probably insignifi- 
cant and may have resulted partly 
from shop handling. Dimensional sta- 
bility of the roller paths was obtained 
essentially from the first stress reliev- 
ing cycle, as evidenced by the fact 
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An induction heating unit similar to the type shown here was used in hardening the bearing 
races. (Courtesy The Ohio Crankshaft Co.) 
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that practically no additional change 
in dimensions resulted from addi- 
tional treatment. 

Rockwell C hardness readings were 
taken at the overlap or hardness 
closure section and also across the 
cross section, as shown in the accom- 
panying photograph. The surface 
hardness ranged from 58 to 60 Rock- 
well C with a minimum hardness of 
42 at one point in the closure. The 
area in the closure having less than 
58 Rockwell C hardness was slightly 
more than 4 in. wide. The etched 
cross section showed a sharply defined 
case of approximately 0.090-in. depth. 
The transition zone from full hardness 
to core hardness was narrow and the 
depth of hardening uniform. Slight 
upsetting of the metal surface oc- 
curred at the hardness closure, result- 
ing in a 0.002-in. deep depression at 
this point. 

One of the roller paths was in- 
spected for surface hardening cracks 
by the dry Magnaflux method. It was 
anticipated that cracking might occur, 
especially around the sharp corners, 
since it was necessary to quench the 
roller paths down to room tempera- 
ture immediately to prevent undue 
expansion of the whole roller path. 
However, no evidence of cracking 
could be found. In fact, the roller 
path Magnafluxed had actually been 
progressively induction hardened two 
times with several hardness closures 
each time and no stress relieving 
treatment after either hardening. The 
primary spray quench was so designed 
as to not impinge directly on the cor- 
ners of the roller path. This design 
no doubt aided the prevention of the 
formation of hardening cracks. 

From these studies, it can be con- 
cluded then, that progressive induc- 
tion hardening is a feasible and 
practical method of obtaining a scale 
free, hard wearing surface on rela- 
tively large roller paths. The amount 
of distortion or dimensional change 
resulting from this process is very 
slight, and a simple low temperature 
stress relieving treatment performed 
after induction hardening imparts 
dimensional stability with little loss 


in surface hardness. This is a favor- | 


able factor, as it is certainly desirable 
to remove as little stock as possible 
during grinding following the hard- 


ening and stress relieving treatment. | 
In addition, the hardness pattern at | 
the hardness closure or overlap area | 


is not objectionable from a load dis- | 


tribution or wear standpoint, and | 


there is little if any danger of harden- 
ing cracks. 





This work was done under contract with the Navy 
Dept., Bureau of Ordnance 
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Typical brazed samples. Left, pyrex tubing to pyrex sheet using lead-silver solder. Center, ceramic to copper-clad stainless steel using 


silver-zirconium alloy. Right, alundum ceramic to tantalum sheet using pure silver solder and zirconium hydride. 


New Brazing Method for 
Joining Nonmetallic Materials to Metals 


by C. S$. PEARSALL, Research Laboratory of Electronics, Massachusetts Institute of Technology 


@ A NEW METHOD of brazing non- 
metallic materials such as ceramics, 
carbides, sapphires and diamonds to 
metals has been developed and should 
find ready application as a method of 
producing tools and many other prod- 
ucts. This brazing process is a one- 
step operation and is carried out in 
controlled atmospheres or in vacuum 
without the use or application of 
fluxes. It produces an exceptionally 


} Strong bond which, in many cases, 


} exceeds the strength of the nonmetal- 


lic material. 
developing this process, a series 
xperiments was carried out with 
iders in the melting-point range of 
approximately 390 to 1830 F. The 
echnique developed consists, briefly, 
f producing a brazing alloy which 
will wet and bond both metals and 


( 


| 20onmetals by either of two means: 
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With this one-step brazing 
process, ceramics, carbides 
and other nonmetallics can 
be joined to each other or 
to metals giving a strong 
lasting bond. 


(1) by the use of certain metal 
hydrides; or (2) by the use of special 
brazing alloys. 


The Use of Hydrides 


The hydrides used include those of 
titanium, zirconium, tantalum and 
columbium. The general procedure 
involves coating the surfaces to be 
brazed with a thin film of the metallic 
hydride. A water paste or a nitro- 
cellulose-solution binder seems to 


work equally well in producing a 
thin, uniform coating of the hydride. 
A piece of suitable solder is then 
placed in contact with the hydride- 
coated surface, and the material is 
heated to approximately 1830 F in a 
vacuum of approximately 10°* mm. 
of mercury or better, or in an atmos- 
phere of pure hydrogen or a pure (or 
sometimes commercial) inert gas. 
When the proper temperature is 
reached, the brazing alloy will melt 
and flow over the hydride-coated sur- 
faces in a manner somewhat similar 
to the brazing of metals. 

Zirconium hydride has been found 
to be superior to titanium hydride in 
this type of operation. So far, colum- 
bium and tantalum hydrides have not 
proved to have any particular advan- 
tages Over titanium or zirconium 
hydrides. 
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Sketch showing setup of some test equip- 
ment used in developing the new brazing 
method. 


ceramic block 


Copper-silver eutectic solder (melt- 
ing point 1435 F) and pure silver 
(melting point 1760 F) both yield 
satisfactory bonds. Pure aluminum 
has also been used as a solder with 
excellent results. Although the solu- 
bility of titanium and zirconium 
is low in aluminum, the titanium- 
aluminum and zirconium-aluminum 
combinations yield good brazing al- 
loys. Pure aluminum gives particu- 
larly good results with tantalum and 
columbium hydrides. 


Brazing Alloys 


These alloys have been prepared 
from both the metal hydrides and the 
pure metals. Zirconium hydride can 
be heated in vacuum at approximately 
1470 to 1830 F to remove the hydro- 
gen, leaving a relatively pure zirco- 
nium metal powder. This partially 
sintered metal powder can be exposed 
to air and then used in a manner 
similar to zirconium hydride to pro- 
duce an equally good braze. In con- 
trast tO most zirconium metal pow- 
ders, this sintered material does not 
seem to be highly pyrophoric. This 
would indicate that hydrogen plays 
no important function in brazing. 
Apparently the function of the hy- 


dride is to yield a relatively pure 
active metal for the brazing operation. 
To verify this assumption, alloys 
of silver and zirconium were prepared 
in vacuum. It was found that an alloy 
containing 15% by weight of zirco- 
nium will wet and bond ceramics, 
diamond, sapphire, carbides, metals, 
etc. in much the same manner as the 
hydride method. Equally good results 
can be obtained by placing pieces of 
zirconium and silver wire on the sur- 
face to be brazed and heating to the 
flow point as already described. Alloys 
of aluminum and zirconium, and of 
aluminum, silver and zirconium have 
also been prepared. These show good 
wetting and bonding properties. 


Controlled Atmospheres 


Zirconium hydride and zirconium 
alloys are superior to titanium when 
used in an atmosphere of highly puri- 
fied nitrogen. With titanium present, 
the solder flows poorly and exhibits 
considerable discoloration. Zirconium, 
on the other hand, has good wetting 
and bonding qualities and yields a 
clean bright surface. 

Zirconium also has the decided ad- 
vantage that successful brazing can 
be carried out in dry commercial tank 
nitrogen as well as in commercial 
helium or other inert gases. With 
these commercial atmospheres a cer- 
tain amount of tarnish is produced on 
the brazed surface. Aluminum solders 
cannot be used in nitrogen due, in all 
probability, to the formation of the 
highly refractory nitride. 

Brazing in commercial tank hydro- 
gen is not successful with either ti- 
tanium or zirconium hydride, because 
commercial tank hydrogen contains 
sufficient oxygen to convert the hy- 


drides to oxides, thus inhibiting the 
brazing operation. 

Brazing with titanium hydride in 
pure hydrogen, as described by Bond. 
ley,' necessitates careful purification 
of the gas. The resulting brazed joints 
have a bright yellowish color with 
pure silver, and they exhibit a slight 
tarnish after standing in air for a 
short time. This tarnish apparently 
forms a protective coating, for no 
further change has been observed in 
articles exposed to ordinary labora- 
tory atmosphere for several months. 

Both zirconium and titanium ex- 
hibit the same behavior when the 
brazing is carried out in vacuum. As 
might be expected, both zirconium 
and titanium hydrides and zirconium 
alloys yield good results in highly 
purified argon. 

With this new brazing technique 
using zirconium hydride and zirco- 
nium alloys, good brazes have been 

made to ceramic, diamond, sapphire, 
carbides, chronium-iron, stainless steel, 
molybdenum, etc. in an atmosphere 
of tank nitrogen. Some elementary 
tools have been made in the labora- 
tory with the zirconium brazing tech- 
nique. Small diamond cubes have 
been brazed directly to the ends of 
steel rods and have been used to cut 
ceramic tubing in an ordinary lathe. 
Small synthetic sapphire balls have 
been prepared in the same manner 
for burnishing tools. Diamond core 
cutting drills have been made by 
brazing diamond powder to steel 
tubing. 


Reference 
R J Bondley, ‘“‘High Temper ature Metal-( 
ramic Brazed Seals’’, General Electric Researcl 
Lab. Research Report, Apr. 1947. 
The work described in this article has been sup 


ported in part by the Signal Corps, Air Materie 
Command and O.N.R. 


This method is useful for brazing tool tips. From left to right are shown diamond brazed to steel, sapphire to steel, chromium iron 430 


to chromium 


iron 430, and steatite ceramic to stainless steel. 
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by KENNETH ROSE, Western Editor, Materials & Methods 






@ ALUMINUM FOIL is being put 
to a number of new uses that are 
taking advantage of its many useful 
properties. The packaging of food 
and similar perishable items is pro- 
viding an important market. Heavy 
industry also is becoming increasingly 
package-conscious. Today certain 
branches, notably the aircraft and the 
radio industries, are packaging certain 
types of spare parts in hermetically 
sealed cans that resemble the food 
industry’s sanitary can in both appear- 
ance and method of use. Even where 
the requirements are mot severe 
enough to demand hermetic sealing, 
industry has found that more careful 
attention to the protection of parts in 
storage Or transit is a paying proposi- 
tion. The automotive industry has 
found that a wrapping which will 
provide a reasonably effective mois- 
ture barrier pays its way in the pack- 
aging of small parts. 

The increasing availability of a 
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Aluminum Foil Finds New Uses 
as a Packaging and Insulating Material 


Moisture resistance, light weight, heat and 
light reflectivity are a few of the many at- 
tractive properties of aluminum foil which 


_ have expanded its use in both industrial 


at 
+ we 





Aluminum foil is being widely used for containers such as these shown here being 


high-grade aluminum foil has also 
encouraged its use in fields other than 
packaging. It is now a standard heat 
insulator. Certain uses in fire protec- 
tion are being considered. Its excel- 
lent light reflectivity is another prop- 
erty now being utilized. 


Properties and Advantages 


The most important of the proper- 
ties that give aluminum foil its wide 
and growing acceptance are: 

(1) It serves as an excellent mois- 
ture barrier. The foil is a continuous 
and impervious film of metal, so that 
even in light weights it gives protec- 
tion to food products and to indus- 
trial goods. 

(2) Heat transmission is excellent. 
Partly because of the high coefficient 
of heat transfer in aluminum, and 
partly because of the thin film used, 
heat transfer through the foil is rapid. 
One of the large-scale users of alumi- 


and consumer fields. 


inspected. 


(Courtesy Reynolds Metals Co.) 


num foil for packaging has been the 
frozen food industry. The high rate 
of heat transfer is important not only 
in the freezing of the food, but per- 
mits it to be warmed quickly when 
ready for use. 

(3) It is noncombustible. In the 
food packaging field this makes it 
possible to remove the packaged food 
from a refrigerator and place the food, 
still in the package, directly into the 
oven. The foil container may be 
placed upon a heating unit directly, 
if due regard be given to the mechani- 
cal strength of the thin metal. This 
property of noncombustibility is also 
of importance in the use of foil as a 
heat insulator. 

(4) It possesses high resistance to 
oxidation. The aluminum foil is not 
subject to the weakening that results 
from corrosion of many other metals. 
Corrosion would also affect the flavor 
of food packaged in such containers. 

(5) The material is light in weight. 
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This is the result not only of the low 
specific gravity of the metal itself, but 
of the thin sheets into which the 
material is rolled. The saving in ship- 
ping and handling costs is considera- 
ble. 

(6) Reflectivity for both heat and 
light is high. This reflectivity is the 
basis for use of the foil as a heat 
insulator, in spite of its good heat 
conductivity. 

(7) Aluminum foil is nontoxic. It 
can be used in direct contact with 
most foods without special treatment 
of the metal, such as bonderizing or 
lacquering. 

(8) The surface takes printing 
well. This makes it possible to print 
identifying labels directly on the foil, 
instead of pasting on a label. 

(9) Cost is low. On a volume basis 
aluminum is a low-cost metal, and 
some of the thin foils are priced com- 
petitively with paper. 

(10) It possesses an attractive, 
metallic appearance. The bright luster 
and the silvery whiteness of the metal 
have given it a use even where its 
other properties are not needed, as in 
the use of thin printed foils, paper 
backed, for labels on bottles and cans. 


Heat Insulation Uses 


Aluminum foil has been found to 
serve well as a heat insulator in do- 
mestic ranges. Here the material is 
used as loosely crumpled balls of the 
thin metal placed between the inner 
and outer walls of the stove. The 
lustrous surface of the foil reflects the 
radiant heat back toward its source, 
while the crumpled form of the mate- 
rial provides dead air space to reduce 
losses by convection and conduction. 
Several additional features of the alu- 
minum foil insulation are (a) its ex- 
tremely light weight, (b) its ready 
adaptation to difficultly accessible 
interwalls, and (c) its low-cost and 
labor-saving means of installation. 

The same idea of heat insulation 
by high reflectivity is utilized in a 
new fire-fighting suit now under test 
by the U. S. Air Force. The suit is 
intended to be worn by men of the 
crash squads for approaching burning 
aircraft, and must withstand high de- 
grees of heat, though it is not in- 
tended to be worn into the flames. 
The material of which the suit is made 
is a cotton-backed aluminum foil, and 
the suit itself consists of trousers, zip- 
pered jacket, gauntlets, zippered spats, 
and a rigid helmet. A new model of 
the suit will use a backing of glass 
fiber, and the suit will be sewn with 
thread of glass fibers. The weight of 
the entire suit is about 8 Ib. The suit 
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gave better protection and suffered 
less damage in tests than the present 
standard suit. 


Packaging Applications 


Recent developments in the pack- 
aging field are among the most inter- 
esting, and promise the widest market 
for aluminum foil. One of these is the 
ingenious combination of package 
and tray that is already in use by 
several food product manufacturers. 
It is a shallow tray or box made by 
folding a sheet of aluminum foil so 
that it will be liquid-tight without 
soldering or otherwise heat-sealing. 
The open seams are brought to the 
top of the tray by the folding, and a 
lid, also of aluminum foil, can be 
placed over the top by simple bend- 
ing or by crimping. The lid does not 
form a liquid-tight seal, however. 

This container is of a type that 
stands midway between the ordinary 
foil wrapping and the sanitary can in 
its field of use. It is not rigid and 
suitable for hermetic sealing, as is the 
sanitary can, and is not intended for 
packing and transporting sterilized 
foods. It has the advantage over the 
foil wrapping, however, of being 
capable of holding, in a definite shape, 
both solid and semi-solid materials. 
Semi-solid materials will include those 
that can be poured into the trays as 
hot liquids, and will set up to jellylike 
consistency upon cooling. 

The foil is 0.004 in. thick, and is 
made of pure aluminum. The folding 
of the foil to produce the tray means 
that there is no organic binder at the 
seams, thus avoiding use of a material 
that would deteriorate under heat. 
The weight of the trays, only about 
25 Ib. per 1000 in the pint size, is 
slightly increased (to 37 lb.) by addi- 
tion of the aluminum foil tops. As 
the trays nest to a compact stack when 
empty for easy shipping or storage, 
they have an advantage here over the 
sanitary can. Although the tray is not 
considered a rigid container, it is sur- 
prisingly stiff. The empty foil con- 
tainer with sealed foil lid will with- 
stand compression in excess of 35 lb. 
The lid can be labeled, or the subject 
matter of the label can be printed 
directly onto the lid itself. 

A Midwestern food manufacturer 
is now using the tray to package, ship 
and sell foods that set up to semi-solid 
form after cooling. The package is 
intended to be placed directly into 
the oven by the user, warmed, and 
served. Although the tray is quite 
durable, the difficulty of accomplish- 
ing a completely satisfactory cleaning 
of the folded foil after use has re- 






Packaging of spare parts is an important 

application of aluminum foil. Here a bear- 

ing is wrapped in foil laminated to paper 
(Courtesy Aluminum Co. of America) 


sulted in its being offered as a one- 
trip package. Its low cost makes this 
feasible. 

A promising field for aluminum 
foil is in the self-service stores for 
prepackaged foods. Another use in 
the food-dispensing industry is for 
heat-conserving covers on coffee or 
soup containers, especially for curb 
service. A thicker foil, about 0.007 
in., is used. Users report a noticeable 
improvement in heat-retention due to 
the aluminum reflecting heat back 
into the container. 

Aluminum milk bottle caps are 
now a standard item. In addition to 
being easy to apply, the metal caps 
can be completely sterilized by heat, 
and impart no taste to the milk. 


Foil Laminates 


Another active line with wide ap- 
plications is the aluminum foil lami- 
nate. For some of the uses, the 
aluminum foil is added for its attrac- 
tive appearance only, while in other 
cases it is the major part of the com- 
posite, with a paper or plastic back- 
ing added for increased resistance to 
pinholing. The range of applications 
runs from attractive labeling of beer 
bottles to moistureproof packing of 
aircraft and radio parts. 

In the decorative bracket is the use 
of very light foils, about 0.00035 to 
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Insulating a freezer with fiberglas over which aluminum foil is placed. 
In the foreground, foil has already been placed around three sides. 


(Courtesy Nash-Kelvinator Corp.) 


0.0004 in. thick, for attractive labeling 
and packaging. Canned food, pack- 
aged dried fruit, bottled beer and 
other beverages, toiletries, etc., are 
making use of the thin aluminum 
layer, backed by paper, for sales-pro- 


moting labels. The paper backing 
makes possible the use of a thinner 
foil than would otherwise be practica- 
ble, and also simplifies the matter of 
bonding to the container. The princi- 
pal features of aluminum for this use 
are its high luster and silver-white 
color, its excellent printability, and 
its resistance to tarnishing. By use of 
transparent and opaque inks over the 
toil beautiful effects in all colors can 
be obtained. 

The foil-laminated label has an 
added advantage for labeling beer and 
soft-drink bottles. As much of the 
total quantity of such beverages is 
sold from water coolers, the resistance 
of the aluminum foil to passage of 
moisture helps to keep the labels from 
being washed from the bottles while 
In storage. 

The greatest advantage of alumi- 

foil in laminated wrappings is 
imperviousness to water vapor. 
Sealed-in water helps to increase the 
shelf life of dried fruits, candies, cer- 
types of toiletries, etc., by pre- 
venting these products from drying 
Out between the time of packing and 
the time of sale. Laminations use foil 
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of about 0.0002 to 0.0004 in. thick, 
with paper to give bulk, strength, and 
a degree of stiffness. When the vapor 
barrier must be unusually good, an 
interlayer of wax will reduce the dan- 
ger of rupture of the barrier through 
pinholing of the foil. For wrapping 
of industrial goods, the intention is 
usually to keep out moisture and so 
to lessen danger of corrosion. Alumi- 
num foil is used in a slightly heavier 
weight, and the backing is ordinarily 
a kraft paper. A crinkled paper can 
be used to give additional cushioning 
against impact, and the foil can be 
used on one or both sides of the paper. 
Certain foodstuffs that tend to absorb 
moisture also use foil laminates to 
exclude water vapor. 

These foils, both for food products 
and for durable goods, can be ob- 
tained in heat-sealing types, in which 
a fusible plastic or a wax can be easily 
melted to complete a moisture-tight 
seal. Contact with a heated iron 
makes the seal, requiring only a frac- 
tion of a second. The wax can be 
placed between the foil and paper 
layers in a thin film, localized at the 
points that will be sealed, and so 
avoid contact of foodstuffs with the 
wax itself. 

The foil laminates are now being 
produced in rolls, printed with the 
label design of the user, and ready for 
packing and sealing in automatic 


Aluminum foil has proved itself to be an excellent insulating 
material. (Courtesy Aluminum Co. of America) 





packaging machinery. In this way the 
entire operation of weighing or 
counting the articles being packed 
into a container, sealing and labeling 
the container, and, frequently, of 
packing the individual containers into 
a shipping carton is completed by one 
machine. The user merely starts a 
roll of preprinted laminated foil into 
the machine, feeds in the product 
being packaged, and receives the 
product measured into a metallized 
container, hermetically sealed if de- 
sired, attractively labeled and ready 
for sale. 

The advantage in shipping highly 
finished parts in such circumstances 
that they will be ready for use without 
cleaning off a layer of heavy grease, 
and will arrive without any corroding 
of the surfaces, was learned during the 
war. A large part of the foil laminates 
now used for packaging goods other 
than foodstuffs is applied to packag- 
ing military items. The cost of such 
packaging is higher than that for 
wrappings or containers of other, 
more familiar, barrier materials, such 
as asphalt-impregnated or asphalt- 
laminated kraft paper. The foil lami- 
nate has made gains in the packaging 
of aircraft repair parts and radio 
parts, however, and seems to be find- 
ing some use in the automotive indus- 
try for protecting highly machined 
pieces during shipment. 
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Materials at Work 


Here is materials engineering in action . . . 


New materials in their intended uses . . . 
Older, basic materials in new applications . 





STEEL BETATRON MAGNET CORE 
Approximately 44,000 steel sheets, each 0.014 
in. thick, were used in the construction of the 
160-ton magnet of a 100-million electron 
volt betatron recently completed for the 
University of Chicago by General Electric. 
Forty slabs comprised the magnet core. The 
larger slabs measured 7% by 180 by 39 in. 
and contained 1700 sheets; the small end 
slabs, 7% by 39 by 22 in., contained about 
500 sheets each. Before assembling the 
magnet core, all contact surfaces were ma- 
chined to a tolerance of 0.01 in. and, in the 
case of the top and bottom yoke pieces, this 
tolerance was maintained over an area 15 
by 7 ft. The burrs were removed by nitric 
acid etching. 








STAINLESS STEEL ORCHARD HEATER To protect plants and fruit trees from 


the killing effects of frost, this outdoor heating unit, manufactured by the Evans Products By 
Co., generates infra-red rays to compensate for loss of heat from the earth due to radio: By 
tion. The heat energy generated is not wasted by loss in the air through which it passes, 
but travels in waves until it strikes the plants, trees, or other objects to be warmed. 
Essentially, the device consists of a generator-type burner, a combustion chamber, and © 
canopy-type reflector. A battery-powered pump supplies kerosene to the burner. Exterior 
surfaces reach temperatures in excess of 1500 F, and rays radiating from the red-hot surface 
plus the rays reflected by the canopy, blanket a considerable surrounding area. The bos¢ 
and flame spreader in the combustion chamber are made of 2 nickel-1% chromium cost 
iron which provides good resistance to sealing, distortion, and other effects caused >) 
exposure to elevated temperatures. The stack, top shell and bottom shell are fabricateé 
from “18:8” chromium-nickel stainless steel sheet; the baffle and its supports are made 
from “25-12” (AISI Type 309) stainless. 
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BRAZING ALUMINUM Displacing a manual brazing operation, 


a special-purpose automatic gas-fired machine produced by Selas 
Corporation of America successfully brazed three different gages of 
tubular aluminum with only a 50 deg. temperature differential be- 
tween the flow-point of the brazing alloy and the burning point of 
the components. The production rate was 500 assemblies per hour. 
The two-stage machine utilizes sixteen soft-flame gas burners, each 
controlled for heat input and placed to give the required brazing- 
heat patterns. Water cooling is used in the first stage. A variable 
speed control is synchronized with the time heat requirements of the 
operations. 


RUBBER VIBRATION DAMPENER = Eftectively reducing 


noise and damping out vibrations resulting from motorized 
equipment, these rubber mountings provide a semi-pneumatic 
cushion for weights up to one ton for each machine foot. 
The waffle grid design, when placed under pressure on a 
smooth surface, traps air in each of the small, square cells. 
Vibrations are diverted by this air through the vertical ribs 
and are prevented from passing to the supporting surface. 
Produced by the Connecticut Hard Rubber Co., these units are 
claimed to reduce vibrations from 75 to 90% where disturbing 
frequencies run between 1000 and 3000 cycles per min. 





GLASS FIBER-REINFORCED VAPORIZER Designed to withstand heat, water, elec 


tricity and medications, this steam vaporizer is produced by the Sparton Co. of Minneapolis, 


Minn. The half-gallon water reservoir is low-pressure molded of Laminac resins, supplied 
by the American Cyanamid Co., reinforced with Owens-Corning Fiberglas. Metal could not be 
used for this reservoir without expensive insulation because of the electrical charge trans- 
mitted through the water when the unit is in operation. Porcelain and glass would be too 
heavy, cumbersome and fragile. The use of reinforced plastic successfully overcomes the 
problems posed by these other materials and results in a lightweight, colorful, and extremely 
durable unit. An aluminum cover completes the product. Steam is produced in 90 sec., and 
the vaporizer will operate continuously for 7 or 8 hr., automatically shutting off when the 


water level gets low. 


RUBBER-COVERED STEEL CONTAINER 


proof transportation. 





A closed-type unbreakable container for use in handling acids, 


alkalis and other corrosive solutions, this unit is constructed of perforated sheet steel that is completely covered 
on both sides with a 1%-in. layer of tough, seamless rubber. The perforated metal is “sandwiched” between the 
rubber, the layers being joined through the perforations to achieve permanent adherence and to prevent any 
metal from being exposed. Manufactured by the Automotive Rubber Co., this unit is designed for safe, splash- 
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The infra-red drying tunnel in operation. It is 82 ft. high and 106 ft. long. 


Production Drying of Finishes 


Accomplished with Infra-Red Ovens 


by J. A. MARTIN, Plant Layout Engineer, The Studebaker Corp. 


@ BOTH SPEED AND HIGH QUALITY 
results are required in the drying of 
automobile body finishes. Studebaker 
Corp. has found that these require- 
ments are met with infra-red drying, 
using lamp banks in a tunnel as the 
source of radiation. Infra-red lamping 
permits close control of heat distribu- 
tion over the entire surface of the 
work and throughout the entire time 
of drying. Studies of costs have shown 
that the method is economical in 
operation as well. 
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Baking enamels are now quite gen- 
erally used throughout the entire 
automobile industry for original coat- 
ing of bodies. While the early nitro- 
cellulose lacquers were a considerable 
improvement over the oil paints, they 
gave way rapidly to the baking 
enamels, which show even higher 
durability and resistance to chalking 
than the nitrocellulose lacquers. 

Baking enamels dry by evaporating 
the volatile solvent and polymerizing 
the synthetic resins in the enamel. 


Baking enamels are cured 
rapidly and with high 
quality results at Stude- 
baker Corp. using radiant 
heating and closely con- 
trolled drying procedures. 


This polymerization is speeded by 
applying heat to the freshly painted 
surface. Suppliers of the enamels can 
formulate the finishes so as to con- 
trol, within limits, the temperature at 
which the coating will set up best 
Lower temperatures mean longer dry- 
ing times, so every user is concerned 
with drying these coatings at the high- 
est temperature that will give a prop 
erly baked finish. 

When baking an enamel at the 
highest temperature that the material 
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will permit, proper heat distribution 
js of utmost importance. Tempera- 
tures are near the point at which the 
enamel will scorch, so that any local 
overheating will result in damage to 
the finish. 

Drying on cab bodies was former 
done by convection in a steam-heat 
tunnel. The tunnel was 125 ft. lon 
with two parallel lines. Baking time 
was 1 hr., and production with the 
tunnel was 30 pcs. per hr. With the 
present drying by radiant heat, the 
tunnel is 106 ft. long, with only a 
single line, and baking time is 15 to 
16 min., with a production of 42 pcs. 
per hr. 

More than one-half of the floor 
space needed for the convection tun- 
nel has been saved by the present 
installation. There is a considerable 
saving in the amount of air used in 
the drying operation, all of which is 
washed and conditioned before cir- 
culating through the tunnel. Upkeep 
is lower for the radiant heat tunnel. 
There are also savings in labor; the 
convection oven had to be started at 
5 am. to be operating at 7 a.m. In 
addition, an improvement in the 
quality of the work is reported from 
the paint department, with better 
flowout of the enamel, and better 
luster and durability. Against this 
must be charged an increased cost of 
energy. 
















































































































































Description of Equipment 


The infra-red drying tunnel at 
Studebaker is a product of the Fos- 

toria Pressed Steel Co. It is 8 ft., 634 

in. high and 106 ft. long, and con- 

red tains 2552 lamps mounted in 22 
| | horizontal banks, and divided into 15 
gh sections longitudinally. The lamps are 
de- of the carbon filament type, with 
external gold-plated reflectors. They 

ant are mounted on 11-in. centers in both 
directions. The external reflector has 

on- been chosen for this oven as giving 
es. a more diffused radiation than the 
lamp with internal reflector. The gold 

reflectors will not tarnish, but they 

may be dulled by dust collected dur- 

ing shutdown, or by the fumes from 





by the coating. Periodic cleaning, once 
nted every two weeks, is a necessary part 
can of the maintenance of the lamps. 
con- Electrical energy is supplied from 
re at a 440-y. line, using 110-v. lamps con- 
best. nected in series of four. Using the 
dry- 440-v. line reduces the load on the 
rned [® lighting transformers and provides 
igh- [% Power at a lower cost. 
rop- The lamps are used in 125-, 250-, 


375- and 500-watt sizes, giving a 
the flexibility to the energy input at all 
erial 


points in the tunnel through the op- 
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portunity to substitute one size for 
another. Even greater flexibility is 
given the system by putting lamps on 
half voltage at points where the tem- 
perature becomes unduly high. This 
is accomplished by using eight lamps 
in series instead of four, taking care 
that the eight are all of the same 
wattage. On half voltage the lamps 
will give about 25% of the rated 
energy output. Where the amount of 
heat must be still further reduced, one 
or more lamps can be removed en- 
tirely. 

Although drying is done by radiant 
heat and convection is held to a mini- 
mum, it is necessary to have a small 
amount of circulating air to carry off 
the evaporated solvent. Cool air is 
filtered into the bottom of the tunnel 
through flat ducts, and passes up 
through the lamp banks, cooling 
them, and helping to keep them clean 
by keeping fumes away from them. 
About 2000 c.f.m. of air is passed 
through the tunnel, and all of this 
air is first washed, brought to about 
74 F, and humidified or dehumidified 
to about 35% relative humidity. 


Drying Procedure 


In setting up the tunnel for drying 
Operations on an automobile body— 
in this case the truck cab—the follow- 
ing procedure is used: 

lst step—a calculation of theoreti- 
cal energy input is made. 

2nd step—the tunnel is set up to 
supply the calculated amount of en- 
ergy, using the practical experience of 
the men to fix a tentative distribution 
of heat. 

3rd step—a trial run is made with 
a cab to which thermocouples are at- 


tached, and all temperatures are re- 
corded. 

4th step—the lamps and voltages 
are then readjusted to correct any 
underheating or overheating shown 
by the trial run. 

The enamel used will dry at 280 F 
within about 10 min., and allowing 
for about 10 F fluctuation either way, 
this is a practical maximum. Red, the 
most critical color, will discolor at 
about 300 F. The problem, then, is to 
raise the temperature of the cab, with 
its pick-up box and truck, from room 
temperature to 280 F, and to main- 
tain it at that temperature for about 
10 min. 

The preliminary calculation is as 
follows: 

Total wt. of steel x specific heat 
of steel x no. pieces per hr. x 
efficiency x factor for conversion 
to kw. = Theoretical energy 
input in kw. 

In planning the heat distribution, 
practical experience has shown that 
the steel should be heated to at least 
250 F during the first 4 or 5 min. in 
the tunnel. This will allow for about 
11 min. to bake at temperature. The 
heaviest lamping will be done during 
this first period, at the entering sec- 
tions of the tunnel, and only 125-watt 
lamps will be required after that. At 
any cross-section of the tunnel, the 
heaviest lamping must be in the lower 
banks, partly because heat will rise 
with any convection that may occur, 
and partly because the heaviest metal 
is in the lower part of the cab. 

Experience has shown also that 
there are four critical points on the 
cabs as they go through the drying 
tunnel. These are: (1) the center of 
the door, (2) the upper door pillar, 


Infra-red drying is also used on relatively small parts as shown here. (Courtesy Trumbull 
Electric Manufacturing Co.) 
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(3) the center of the back panel, and 
(4) the center of the top panel. These 
are the points most likely to be over- 
heated or underheated. In making the 
trial run each of these points has a 
thermocouple attached to it to read 
the metal temperature at that point. 
These temperatures are recorded each 
minute during the trial run, and from 
these data the lamping can be ad- 
justed to secure the best distribution 
of heat. A trial run sheet is shown in 
the table included here. A plot of 
these test results is also given in the 


min. they proceed to the fitting sta- 
tion. 

Special switches are used in the 
electrical connections to guard against 
improper baking of the finish in the 
event of a shutdown of short duration 
in the production line. Originally 
there was a simple safety swich that 
shut off the lamps when the conveyor 
stopped, thus preventing overbaking 
of some of the pieces. A difficulty 
with this was that the baking sched- 
ule could not be restored for those 
pieces in the tunnel. There are now 


two sets of timers, the first acting to 
delay the shutting off of the lamps 
for 2 min., and keeping them at ful] 
voltage for that length of time. If 
any minor mishap along the produc. 
tion line, such as a jammed spray gun, 
causes a short stoppage of the con. 
veyor the second switch operates to 
keep the lamps lighted for the fixed 
period, and at the end of that time 
the second switch shuts off the lamps, 
The work will not be overheated by 
standing under the lamps at full volt. 
age for this short period. 


Th 


accompanying chart, showing the 
maximum and minimum of the re- 
corded temperatures at the end of 
each minute during the run. 


Metal Temperature of Cab Parts Processed in Infra-Red Oven 
Temperature, F 











The lamps are mounted in the tun- Time, in Center Upper Door Center Back | Center Top 
nel so as to give the closest spacing to Min. | Door Pillar Panel | Panel 
the work. The irregular nature of the 1 | 150 142 | 144 138 
cab makes this spacing about 10 to 18 2 182 175 178 167 
in. The energy input is about 3 kw. 3 218 205 | 215 197 

. 4 249 239 247 237 
per lineal ft. of oven. 5 257 952 568 548 

As the cabs leave the drying tunnel 6 166 61 275 259 
they are at the final temperature, 7 269 271 281 265 
about 280 F. The next operations are ; it at a i. 
fitting and trimming. In order to 10 577 580 587 578 
speed cooling to room temperature 11 276 283 288 279 
so that the workmen can touch the 12 278 285 290 282 
cabs, a cooling tunnel is placed at the 13 278 287 289 283 
exit end of the infra-red tunnel. Here 14 200 £07 290 285 

15 282 291 291 285 
the cabs are held in a strong current 16 178 186 387 278 











of air from fans, and after about 2 








Time-temperature chart showing maximum and minimum baking cycle for drying enamels on the truck cab. 
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Materials & Methods Manual 


This is another in a series of comprehensive articles on engineering 
materials and their processing. Each is complete in itself. 
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These special sections provide the reader with useful 


1949 


data on characteristics of materials or fabricated 


parts and on their processing and application 











Mechanical Fasteners 


—Their Selection and Use 


by N. Bruce Bagger, Associate Editor, Materials & Methods 


There are many different types and styles of fastening devices 
that can be used for joining materials. But the choice and use of 
any one of these devices is conditioned by the end-requirements 

of the given application for which it is intended. It is only through a 
careful and intelligent analysis of these requirements that the 
selection of a satisfactory fastener can be made. Six basic categories 
of permanent and semi-permanent fastening devices are discussed, 
not from the standpoint of the actual installation techniques 
involved, but from the relative behavior they, and the materials 
from which they are made, exhibit for fastening applications. 
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Introduction 


Since man first af—xed a sharpened stone 
to a stick with rawhide, fasteners and fasten- 
ing devices have played a major role in his 
daily life. Today, our civilization is literally 
held together with fasteners; transportation, 
communication, housing, production, and 
distribution are all dependent upon various 
kinds of fastening devices for their successful 
operation. 

Some of the fasteners in current use are 
comparatively new, and employ techniques 
unthought of a generation ago; others ex- 
tend back thousands of years, and although 
now greatly improved and refined, are still 
basically the same as their age-old ante- 
cedents. 


The variety of fasteners and fastening 
techniques in use today is exceeded only 
perhaps by the myriad uses to which they 
are applied. Certain types of fastenings have 
limited application, their use being restricted 
to the joining of specific materials of a given 
shape and size or for given service condi- 
tions. Other kinds often can be applied ir- 
respective of these limitations. The entire 
field of fastenings ranges from headed and 
threaded permanent or semi-permanent types 
to the totally permanent joints obtained by 
welding, brazing, soldering, and the like. 
Because of the p Pinar broad scope of the 
field, this presentation is limited to the 
headed and threaded types and the adjunc- 
tive accessories that contribute to their fas- 
tening efficiency. However, the distinctions 
that exist between the various groups are not 
entirely inflexible, and some overlapping 


does occur. This is particularly true ip Case 
where standard threaded fasteners are readily 
utilized for such applications as enclosure. 
access plates, covers, lids, etc., which ar. 
normully secured by the so-called “patente; 
semi-permanent, cam-action fasteners, By, 
despite this and other instances where ty, 
or more different types of fasteners can be 
applied to a particular joining problen 
there are certain broad definitives that eff... 
tively group most fastening devices. The sz. 
isfactory choice of a fastener from one 
these groups depends in a large measy; 
upon a knowledge of the advantages ap; 
limitations of the fastener itself, a know). 
edge of the materials from which the {g;. 
tener is made, and a knowledge of th 
service conditions to which the fastener wi! 
be exposed. 
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Bolts and Screws 


Bolts and screws are perhaps the oldest 
fastening devices known. Together with 
nuts, they comprise the largest group of 
related fasteners in use today, and their ap- 
plications extend to virtually all manufac- 
tured products. 

Bolts and screws are commonly produced 
in three degrees of finish. Unfinished units 
are hot forged and not machined on any 
surface other than the point and the thread. 
Semi-finished bolts and screws are faced or 
otherwise machined under the head to a 
bearing surface with a washer face. Finished 
units are machined on all surfaces and the 
bearing surface under the head is washer- 
faced. 

The threads are the most important part 
of both screws and bolts alike, as it is 
through these that the fastening action is 
obtained. Threads are usually formed in 
three general ways: Rolling, cutting, or ex- 
truding and rolling. Of the three, greater 
strength is usually attributed to the rolled 
type, since the cold-working caused by the 
rolling, and particularly by extruding and 
rolling, increases the tensile strength of the 
screw or bolt. However, this increase in 
tensile strength is often dissipated in cases 
where subsequent heat treatment is required, 
so that the strength of the heat treated ex- 
truded and rolled thread and the strength of 
the heat treated cut thread is about equal if 
the chemical composition and the heat treat- 
ment are the same for both types. 

Cut threads usually give the appearance 
of having a closer fit than is actually the 
case, due to small feather burrs and irregu- 
larities left by the cutting tool. The rolled 
thread is always smooth. Slight variations 
within allowable limits may be present in 
cut threads due to wear on chasing dies; 
rolled threads in any given lot are all prac- 
tically alike but do not have a finished point. 
The finished point is necessary on cut 
threads to facilitate assembly operations, 
since the razor edge left on the crest of the 
last thread by the die chasers is easily dam- 
aged or burred. In the rolled thread, the 
rolling operation leaves the crest of the last 
thread in a rounded shape which is not 
easily damaged. As a final comparison, cut 
threads usually cost more than the rolled or 
extruded and rolled types. 

Irrespective of the forming technique, 
threads for most common bolts and screws 
are designated as American Standard 
(National) and are available in both a 
coarse thread and fine thread series. The 
coarse series is recommended for general 
use in engineering work and machine con- 
struction where quick, easy assembly is de- 
sired; the fine thread series is recommended 
for general use in automotive, aeronautical, 
and similar work where conditions require a 


fine thread and minimum weight. 

Both Coarse- and Fine-Thread Series can 
be obsained. The classes of thread tolerance 
generally used in the past were referred to 
as Class 2 and Class 3. Recently a new 
American Standard system of screw threads 
has been adopted, and under this new system 
fasteners generally will be produced to Class 
2A for the bolt or screw and Class 2B for 
the nut. Similarly, there is Class 3A and 3B 
for certain special parts, and there may be 
some use of the old Classes 2 and 3. A fea- 
ture of the Class 2A bolt or screw is that it 
has a positive allowance. In other words, 
the maximum thread pitch diameter is less 
than basic by a small amount. This allow- 
ance is useful in preventing seizure in high 
cycle wrenching or at high temperatures, 
and also provides a space for electroplating. 
In addition there are so-called Class 5 fits 
which are wrench-tight, but these are not 
well standardized and are presently under 
development. This class is commonly used 
for studs or screws and their mating tapped 
holes where considerable force is required 
for assembly. 

Bolts and screws can be obtained with 
many different types of heads. These range 
through the more or less common varieties 
to the specially-designed, odd-shaped types 
used for special applications. The use of 
lesser-known types, however, often results in 
a sacrifice of some needed quality that is 
usually found in the normal-type head and 
greatly increases the unit cost because of the 
special fabrication their design entails. For 
this reason, every effort should be made to 
minimize the use of specially-designed bolts 
and screws. 

Several types of screws and bolts are listed 
in Table I and Table II, respectively. 





Nuts 


Nuts are currently produced in such a 
wide variety of types and styles and from 
such varied materials that the selection of 
the best possible combination of strength, 
accuracy, value and reliability for a given 
application presents a complex problem to 
the engineer. For most applications, there is 
little need for specifying special types, since 
there is usually some standard nut commer- 
cially available that will not only serve the 
purpose but result in considerable savings 
over special fabrications. 

As in the case of bolts and screws, the 
threads comprise the most important ele- 
ment of a nut. The threads for most common 
nuts are designated as American Standard 
(National), and are available in both a 
coarse and fine series; each, in turn, obtain- 
able in the classes of fits discusseed for bolts 
and screws. 


Nuts are commonly supplied in thre 
degrees of finish. Unfinished nuts are left ip 
the rough state. They are hot forged, or ho 
or cold punched and are not machined op 
any surface except for the threading oper. 
tions. Semi-finished nuts are machined op 
the bearing surface only to provide a washe; 
face. The tolerances across the flats and the 
thickness are closer than for unfinished nut 
Finished nuts are machined on all surfaces, 
and the tolerances are the same as for semi- 
finished nuts. The bearing surface is washer. 
faced. Semi-finished nuts that are blanked 
from cold-drawn hexagonal or square rod; 
are considered to fall within the finished. 
nut category. 

In addition to the common square and 
hexagonal types of nuts, several other styles 
are readily available to meet the particula 
requirements imposed by certain applic- 
tions. These styles include the cap, wing, 
knurled, slotted and castellated types. In this 
connection, it should be noted that, although 
the slotted and castellated nuts appear to be 
similar in both design and function, there 
are certain distinct differences between the 
two. Slotted nuts are full nuts of either 
American Standard Heavy, Regular, or Light 
pattern, with three slots milled through the 
flats of the hexagon. Castellated nuts have: 
cylindrical top through which the three slots 
are milled, leaving the hexagon surfaces in 
the base solid. In both types, cotter pin: 
or wire are passed through the slots an 
through drilled holes in the bolt to effec: 
tively prevent the nut from turning. 

There is a wide variety of lock nuts on 
the market today. Virtually all of these at 
designed to function on the same general 
principle: providing a gripping action on 
the bolt threads to prevent back-off and sub- 
sequent loosening. Some of the types avail: 
able accomplish this by distortion of the 
entire nut during manufacture; some by 
distortion of the nut in application throug! 
pressure against the work. Some hold the 
bolt by less than one full thread; others 
utilize nonmetallic inserts which the bolt 
must tap as it enters. Most are of one-piec 
construction or consist of unit assemblies, 
while some are of the two-piece type. A few, 
in addition to preventing the nut from turt- 
ing, provide increased thread pressure in : 
longitudinal axis to compensate for bolt 
stretch, or wear of bolted components, thus 
assuring a tight fastening even under tht 
most adverse service conditions. 


Several types of nuts are 
Table III. 


listed in 





Washers 


_ Washers are extremely useful accessories 
in modern fastening methods. The may 
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Table I—Types of Screws 






















































































































Type of Materials from | a 
which usually made | Advantages Limitations Applications 
¥ ‘ Availabl f heads: filli fl F ket-headed F 
Cap Low artes poe vailable in a variety of heads ister, flat, or socket-hea screws, proper or general fastening in either tapped holes 
Screws (approx. 0.20% | hex, socket, etc.; can be finished in many | wrench must always be available | or with nuts. Used extensively in production 
» & medium car- ways: mirror finish, heat treated black satin | for any retightening that becomes | items such as machine tools, automotive equip- 
bon steel (approx. | finish; plated, etc.; oxidized. In some appli- | necessa No threaded pressure | ment, farm machinery, aeronautical equip- 
0.35 to 0.42% cations, socket head cap screws are more ad- | obtained unless supplied through | ment, etc. 
C), high carbon | vantageous than hexagon or flat head types | supplementary source such as lock- 
steel, bronze, brass, | because their design calls for key wrench ap- | washers, etc. 
stainless steel, | plication which in certain cases offers added 
Monel, Everdur, hand leverage and cuts assembly time. 
aluminum 
-_ : eccemaaaln 
Self Case-hardened Simplify assembly work; save operations, | Not completely adaptable for light “For making fastenings to sheet metal from 28 
Tapping steel, stainless | eliminate production bottlenecks ; tapping of | gage parts requiring continued as- | gage (0.015 in.) to 6 gage (0.203 in.). Use- 
Screws steel, aluminum holes eliminated; no tapping plates, lock sembly and disassembly. Stainless | ful for aluminum, die castings, plastics, fiber, 
washers or inserts required. Eliminates rivet- | steel screws cannot be brought up | hard rubber, etc. Hex-headed, heavier-thread 
| ing in tight spaces. Available in a variety of | to very high degree of hardness, | types used for making fastenings to sheet metal 
heads: round slotted, Phillips recessed, hex, | hence can only be applied success- | up to 6 gage (0.203 in.); to steel plate and 
| clutch, pan, oval, etc.; available in variety of | fully to relatively soft materials | structural shapes up to ys in. thick; useful 
} | finishes: plain steel, nickel plated, brass plated, | such as light gages of mild sheet | for brass, die castings, etc. 
| cadmium plated, bronze plated, copper plated, | steel, aluminum, brass, copper, 
blue oxidized, etc. etc.; and in aluminum and die 
castings, plastics, etc. For most 
| sheet assemblies, coarse-pitch 
thread self-tapping screws are sat- 
| isfactory, but in materials of a 
crumbling or granular nature, such | ate 
as gray and malleable iron cast- = 
ings, a screw having tap charac- = 
teristics is better. No thread pres- —? 
sure obtained unless supplied | = 
through supplementary source. 
| | 
For joining light sheet metal and fastening 
to sheet metal up to 18 gage (0.050 in.). 
| | 
“ 
| For making facteniane | to malleable and gray 
| iron castings, aluminum and zinc castings, 
heavy gage sheet metal and plastics. Screw 
actually cuts thread in material; useful when 
| assembling products which must be serviced 
| in the field. 
| ) 
} 
=F te 
| For making permanent ; fastenings to iron, 
brass, and aluminum castings, steel, plastics, 
etc. Screws form own thread in material as 
they are hammered in or otherwise forced into 
| a hole of suitable size. Can be applied with 
| hopper-fed machines. Pointed types used for 
| fastening fabric, fiber, leather, cardboard, etc., 
| to sheet metal. Screw is hammered into a 
| drilled, punched, or pierced hole. 
- ———— — a \— ee . —_—$— $$ $$$ —_—_—— SPE TY _ —E 
Set | Brass, bronze, | Available in wide variety of heads: recessed For socket head screws, proper | Widespread use on production line items such 
Screws | stainless steel, | socket, headless slotted, recessed clutch, Phil- | wrench must always be available | 4s office machinery, machine tools, household 
| Monel, Everdur, | lips recessed multiple spline, square, etc. Can | for any retightening that becomes | ¢duipment, automotive and aeronautical equip- 
aluminum, low | be finished many ways: plated, black satin, | necessary. Excessive torque ap- | ment, etc. 
carbon steel, me- | recessed head set screws, permit smooth flush | plied to low strength, square head 
dium carbon steel, | surface by eliminating protruding heads; im- | types will cause twisting off in 
high carbon steel | proves product appearance; safer, particularly | tapped holes. No thread pressure | 
on moving parts. Available in wide variety of | obtained unless supplied through 
points: cone, flat, oval, half-dog, full-dog, | supplementary source. 
cup, etc. 
| a. 5 oe... ihe 5. ee Pe 
Machine | Carbon steel, brass, | Available in wide variety of heads: flat, round, | Generally, machine screws under | For anova! fostentag | in either ‘tapped holes 
4 ov A neg > 
Screws silicon bronze, oval, fillister, truss, binding, Phillips, clutch, | 2 in. in length are threaded to the | or with nuts. Used extensively in production 
Monel, stainless pan, hex, square, upset hex, one-way slot, | head, but those over 2 in. long are | items such as electrical equipment, automotive 
steel, Everdur, | notched, cock, lentil, jackson, undercut, etc. | only threaded 2 in. up the shank. | equipment, etc. 
aluminum No thread pressure obtained un- 
less supplied through supplemen- | 
tary source. 
peek Brass, bronze, Adaptable to > apelications where vibration. ( or | Repeated usage may result in weak- | Particularly snatlcabte to water BOG waa 
crews K-Monel, stainless | corrosion are encountered; designs prevent any | ened torque and holding power. | plumbing fixtures where. a corrosion resistance 
steel, phosphor | backward movement of screw. Also available | and constant tightness is required. A proprie- 
bronze, carbon | in locking set screw form. hg fastening manufactured by Shakeproof, 
steel | Ine, 








Styles or types available are used to fulfill 
many needs arising from the application of 
threaded fastening devices. Basically, washers 
comprise three distinct classifications: plain, 
anti-turn, and spring. 
e plain washers are used solely for 
ecorative or bearing-surface applications. In 
these, they provide for a distribution of the 
loading over a wider area of the work sur- 


(Continued on next page) 


face than that encompassed by the bolt head 
or nut alone. In addition, they prevent 
damage to the work surface when the nut 
is tightened down or if the bolt head 
happens to turn during assembly. Plain 
washers are available in many patterned, 
countersunk, ridged and formed varieties, 
but none of them provide any extra pres- 
sure on bolt or nut threads and none pre- 





vent the nuts from loosening. 

The anti-turn, or tooth-type, lock washer 
is used primarily to prevent a nut from 
backing-off under severe vibration. The indi- 
vidual, hardened teeth are designed to bite 
into both the work surface and the bolt head 
or nut and thus prevent turning and subse- 
quent loosening. The tooth-type washer, 
however, does not provide any appreciably 
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Table I—Types of Screws—(Continued) 





Type of Materials from 
rew which usually made 


Advantages 


Limitations 


Applications 





Lock 
Screws 


Brass, bronze, 
K-Monel, stainless 








and loosening. 





| 


| 





Built-in locking feature consisting of nylon 
insert set into one side of thread segment. In 
operation, plug exerts lateral thrust causing 
tight mating of threads on opposite side of 
operating 
above 250 F. No distortion of threads. 


steel, phosphor 
bronze, carbon 
steel screw. Withstands 


Concave head and counterbored bearing sur- 
face results in spring action when bolt is set 
up tight. Locking action resists fatigue failure 


power. 


temperatures 





Repeated usage of screw results in 
slight loss of torque and holding 


Applicable for use where" high temperatura 
or rough vibration is encountered or wher 
good appearance is mandatory, since no washes 
locking devices are used. A proprietary fasten. 
ae manufactured by Diamond Head Screy 
orp. 














Repeated usage may result in 
weakened spring action and con- 
sequent loss of thread pressure. 


Applicable for conditions of severe vibration 
such as cylinder heads, flywheel housings 
bearing caps, etc. A proprietary fastening 
manufactured by Lamson & Sessions Co. 





| UNLOCKED LOCKED 








increased thread pressure to compensate for 
bolt stretch, wear, etc. 

The underlying principle of the spring- 
type lock washer is to compensate for any 
loosening that might occur between the 
component parts of boited assemblies. 
Loosening can be the result of improper 
tightening during initial installation, the 
result of excessive vibration, or caused by 
any expansion, contraction, stresses, or wear 
of the components that occurs after final 
assembly has been made. Nonfatiguing 
properties and automatic reactive pressure 
are essential in spring-type washers, since 
it is the spring action that justifies their use. 

Combination spring and tooth-tyne lock 
washers combine the advantages of both 
types in that continued pressure is exerted 
on the threads and the sharp tangs or teeth 
impinge on the work surface and/or nut 
to prevent turning under extreme service 
conditions. 

All three basic types of washers are 
available with screws as permanently assem- 
bled units. In these, the washer is slipped 
onto the screw blank before the threads are 
rolled. The threads hold the washer on the 
screw but allow it to rotate and properly 
seat itself when the screw is tightened down. 
The advantage such assemblies present are 
readily discernable in that they reduce as- 
sembly costs and time, eliminate awkward 
assembly problems, save screws and washers 
wasted in assembly, insure use of correct 
washer, and insure that all screws have 
washers where specified. 

Several types of washers are listed in 
Table IV. 


Studs 


Studs are commonly used in place of bolts 
of cap screws on a great variety of manu- 
factured products. They are usually mounted 
in a tapped hole and have a nut threaded on 
the upper, or exposed, end. 

Generally speaking, threaded studs are 
divided into three basic categories, or types: 
(1) tap-end studs, (2) double-ended studs, 
and (3) continuous-thread studs. All three 
types are usually supplied with both ends 
flat and chamfered 35 to 40 deg. with the 
end of the stud. The length is measured 
from one extreme end to the other end, and 
the thread length is usually taken from the 
extreme end of the stud to the last perfect 
thread. The maximum amount of imperfect 
thread commonly permitted beyond the last 
perfect thread is 24 threads. 

Tap-end studs are used where one end 
of the stud is to be driven either manually 





or by power into a tapped hole. Such studs, 
when properly installed, can only be re- 
moved by force since the end in the hole is 
usually threaded with a Class 5 fit. Studs of 
this type can also be obtained with a vari- 
ation of the Dardelet locking thread on the 
tap end. Such threads effectively reduce the 
danger of loosening due to vibration by 
producing the equivalent to a perfect selec- 
tive fit and placing the female threads under 
high compressive pre-stress. The exposed 
end of the stud is threaded with either a 
Class 2 or a Class 3 fit for the nut. 

Double-ended studs are used in place of 
a bolt (or as a tie rod) with a nut on each 
end. Both ends are threaded alike, usually 
with a Class 2 or Class 3 fit as desired. 

Continuous-thread studs are threaded with 
one continuous thread for their entire length, 
the fit being either Class 2 or Class 3 so as 
to take a nut along from one end to the 
other. Studs of this type are commonly used 
in applications identical to those of the 
double-ended type, but where a shorter stud- 
length is required. 

Studs can also be effectively mounted for 
use in other ways without the necessity of 
drilling, tapping and tightening operations. 
Outstanding among these alternative mount- 
ing methods are those in which the stud is 
either electrically welded to a metal surface, 
or pushed into the surface by means of a 
powerful, powder charge. 

The first of these methods makes use of 
a flux-filled stud, threaded on one end only. 
The butt end of the stud is surrounded with 
a porcelain ferrule (later removed) which 
shields the arc, restricts impurities, and 
confines the molten metal during the weld- 
ing operation. Welding is accomplished 
with specially-designed manual or automatic 
guns, and extremely rapid installations can 
be achieved. 

The other alternative method of stud in- 
stallation makes use of a special gun and a 
powder charge. In this method, the stud 
that is used is threaded on one end only, 
the other end being sharply pointed so as to 
facilitate entering when driven into the 
mounting surface by the exploding charge. 
Rapid installation is likewise assured with 
this technique. 

Several types of 
Table V. 


studs are listed in 





Rivets 


Rivets have long been considered one of 
the simplest fastening devices used in engi- 
neering. When properly installed, they pro- 


vide a strong and positive bond between twe 
or more assembled parts and often resul 
in production economies unattainable with 
other fastening methods. 

Rivets are commonly considered to com: 
prise four separate types: solid, split, tubular, 
and blind. All but the latter of these require 
access to both sides for installation, sinc 
heading and bucking operations must bx 
performed. Where it is difficult or impossi- 
ble to reach both sides of the work, blinc 
rivets are used. These are produced in : 
variety of types, styles and sizes, but in 
fundamental principles, their action is the 
same: The rivets are inserted and set from 
one side only. The setting operation can be 
performed by the mandrel-like action of : 
plug pulled entirely through the rivet-bod; 
by a plug pulled partially through and then 
severed; by a squeezing action that results 
from an internally-threaded portion of the 
rivet-body being drawn up behind the joined 
sheets; or by a flaring action that results 
from detonation of an explosive charge in 
the shank of the rivet proper. 

The solid, split, and tubular rivets are al 
headed in basically the same manner, #é 
either rolled, spun, spread or flared, depen¢: 
ing on the type. These heading operations 
require not only access to both sides of the 
joint, but sufficient room to maneuver the 
necessary guns, hammers, dollies, etc. that 
may be required. 

Several types 
Table VI. 


of rivets are listed in 





Staples 


Stapling and stitching various metallic 
and nonmetallic materials constitutes one 0! 
the most rapid and versatile fastening tech- 
niques in industrial use today. Since this 
method of fabrication requires no punching 
or drilling of holes, no pre-cleaning opef* 
tions, no heating or cooling time, no assem: 
bling or tightening operations, and no post: 
fastening care, it results in considerable sav- 
ings of time and money. 

Basically, stitching is the term used © 
denote the fastening operation wherein 4 
length of wire is cut from a coil and formeé 
into the fastener as each stitch is made, 
whereas stapling employs pre-formed faste® 
ers. However, the finished fastening appea! 
the same in both cases. 

The stitching, or stapling, capacity of stee! 
and other metals varies considerably with 
the tyne and hardness of the material. !0 
mild steels, such as soft-rolled sheets (SA 
1010 to 1020), the maximum total thick 
ness that can be stitched is approximately 


Sa 
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Table 11—Types of Bolts 
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—__ 
Type of | Materials from ae | so 
Bolt which usually made © Advantages Limitations | Applications 
ee ° e P P e ° . 
Stove Carbon steel, | Available in variety of heads: Flat, round, | Stove bolts up to 2 in. long are | For general fastening in either tapped holes 
Bolts brass, silicon | truss, Phillips, etc. Usually furnished with | usually roll threaded to the head, | or with nuts. Used extensively in production 
bronze, Monel, | square nuts; very similar to machine screws, | but those over 2 in. long are only | items such as electrical equipment, household 
stainless, alumi- | except that threads are usually rolled instead | threaded about 2 in. No thread | goods, etc. 
num of being cut. pressure obtained unless supplied 
through supplementary source. 
Machine Naval bronze, | Machine bolts make a snug, full-bodied fit | No thread pressure obtained unless | For general fastening in either tapped holes 
Bolts silicon bronze, | into both tapped and drilled holes since short | supplied through supplementary | or with nuts. Silicon Bronze machine bolts 
Monel, stainless, | length bolts are threaded to the head and | source. used widely in outdoor electrical applications 
carbon steel, alu- | longer lengths have a full size shank equal in and in marine work because of resistance to 
minum length to the diameter of the bolt. Usually ‘season cracking’ and atmospheric corrosion. 
| furnished with American Standard Regular hex Machine bolts of other metals used extensively 
_nuts. Available in wide variety of heads: in such production items as automotive equip- 
| Hex, square, eccentric, loom, button, patch, _ment, agricultural machinery, etc. 
| tee, flat, etc. 
Carriage Naval bronze, | Available in either oval or square neck design. | Although carriage bolts are thread- | Oval neck bolts particularly suited to fasten 
Bolts silicon bronze, | Both oval and square necks prevent bolt from | ed as close as practicable to the | castings and forgings because neck design offers 
Monel, stainless, | turning if used in proper size hole. Furnished | neck on the short bolts, the longer | greater tolerance of fit and is generally more 
carbon steel, alu- | with or without nuts. bolts only have a maximum of 2 | adaptable. 
minum in. thread. No thread pressure ob- 
tained unless supplied through 
supplementary source. 
a eas APSE SR = 
La Naval bronze, | Lag screws and lag bolts are one and the same | Lag bolts can be reused, but the | Used for wooden construction; mostly marine, 
Bolts silicon bronze, | thing, the terms being used interchangeably. | reuse of holes formed by the lag | irrigation equipment, water storage tanks, 
Monel, stainless | Lag bolts of a given length have the same | threads is limited because of con- | framing, trestles, vats, troughs, etc. 
steel, carbon steel, | length of thread regardless of bolt diameter. | siderable reduction in _ holding 
brass, aluminum | Usually supplied with square heads and gim- | strength. 
let points. 
Hanger Naval bronze, | All hanger bolts of the same length have the | Hanger bolts can be reused, but Used for suspending members for overhead 
Bolts | silicon bronze, same length of thread regardless of diameter. | the reuse of holes formed by the | construction such as ventilation ducts, piping, 
carbon steel, alu- | This applies both to the machine thread and | lag thread is limited because of | conduits, fixtures, etc.; or for securing ped- 
minum | the lag thread. Usually supplied with American | considerable reduction in holding | estals and bases such as machinery, apparatus, 
| Standard Regular hex nuts. Lag threads have | strength. No thread pressure ob- | etc., to decks, walls, ceilings, etc. 
| gimlet point. | tained on machine threads unless | 
| supplied through supplementary | 
| source. 
Strut | Naval bronze, | Usually supplied in unslotted oval head form | No thread pressure obtained unless | Used extensively for strut, brace, and bracket 
Bolts |silicon bronze, and with American Standard Regular nuts, but | supplied through supplementary | assembly. When supplied with slotted heads, 
Monel, carbon | slotted heads are available. source, can be used effectively as oval-headed machine 
= aluminum | bolts. 
Dardelet Carbon steel Combines -advantages of both rivets and bolts. | Bolt must be driven into hole to | Used extensively for heavy construction pur- 
Bolts When bolt is driven into hole, axial ribs on | assure a_ tight, body-bound fit, | poses, machinery applications, etc., where a 
shank are deformed and grip inner surface of | thus limiting its application on | rigid and vibration-proof fastening is required. 
hole to provide a body-bound fit. Nut locks | comparatively fragile structures. | A proprietary thread developed by the Lock 
securely when wrenched down, as unthreaded Thread Corp. 
counterbored section of nut rides up on axial 
ribs of bolt shank. Can be reused and is not 
loosened by vibration or shock. 
0.085 in., no single sheet of which exceeds of about 0.085 in., providing the thickness thicknesses beyond this maximum can be 


0.062 in. in thickness. Although harder 
steels, such as hot-rolled sheets, stainless, 


= and other alloys can be stitched, the maxi- 


mum thickness is somewhat less than with 
the softer metals. 
In aluminum, the ST grades can be satis- 


| factorily stitched up to a maximum thickness 


of no single sheet exceeds 0.051 in. In the 
softer grades, maximum stitching thickness 
is approximately 0.110 in., with no single 
sheet exceeding 0.065 in. 

Copper sheets can be stitched up to a 
maximum thickness of 0.188 in. if no one 
sheet exceeds 0.100 in. In multiple sections, 


joined. All of these maximum stitching 
thicknesses are based on the use of No. 18 
gage steel wire (0.0478 in. dia.) having a 
tensile strength of 290,000 psi. For softer 
or thinner materials, lower strength wire is 
customarily used. 

Types of staples are listed in Table VIII. 





How to Select 
a Fastener 


From the foregoing, it can readily be s-.n 
that mere choice of a type or style of fasten- 
ing device from the variety available is not 
enough for completely satisfactory results. 
In addition, the factors of strength, the types 
of materials being joined, and the service 
conditions to which the fastened assembly is 
subjected must likewise be considered. This 
atter group includes possibilities of antici- 
pated exposure to corrosive atmospheres and 
temperature extremes; special assembly and 
disassembly requirements, if 
any; consideration of outward appearance 
it ultimate sales of fastened product are 
contingent upon this factor; relative costs 
of comparable fastening techniques; ease of 
‘astallation, and the like. All of these condi- 
tonal factors will exert varying degrees of 
influence, depending upon the application in 
question, 


To satisfactorily meet these varied service 


erty fasteners, in addition to being 
Vailable in many different styles or types, 


are fabricated from many different materials. 
In general, when evaluating the various ma- 
terials frori which fasteners are made, the 
physical form in which the material is to be 
used must always be considered. The char- 
acteristics of the materials, when used for 
fastenings, may vary widely from the char- 
acteristics of the same material when used 
for other purposes such as valves, tanks, 
pipe, etc. The reason for this lies in the fact 
that fasteners, by virtue of their definition, 
are usually subjected to continuous and 
highly stressed conditions. The ability of a 
fastener to function successfully under such 
conditions depends in a large measure on 
its residual cross-sectional area of sound 
metal. Since this cross-section is often re- 
duced through threading, collaring, etc., or 
by the internal attack which accompanies 
the phenomenon known as “‘stress-corrosion,” 
premature failure can result, even though 
the material itself is adequate for structures 
of larger size or less-stressed conditions. 

In this connection, special problems in- 
volving dissimilar metals frequently arise in 
the selection and specification of fastening 
devices. To obviate the galvanic corrosion 
that results when metals are placed in con- 
tact with other metals of higher potentials, 
fasteners are quite often manufactured from 


the same or similar metals with which they 
are used. But variations to this are not in- 
frequent in certain types of work, especially 
where the net effect of such corrosive action 
on the relatively small percentage of ex- 
posed surface is more than offset by the 
increased strength, better holding power, 
and all-around suitability of fasteners fabri- 
cated from a metal dissimilar to that being 
joined. 

Carbon steel fastening devices comprise 
the great majority of headed and threaded 
fasteners in industrial use today. They are 
used primarily where comparatively low cost 
joining and average strength is desired. 
Since most fasteners should have a moderate 
degree of plasticity so as to achieve a grad- 
ual rather than an abrupt or sudden rupture, 
they are rarely made from high carbon steel. 
Instead, low or medium carbon compositions 
subsequently heat treated to produce the 
desired plasticity are used. Carbon steel 
fastenings can be produced by either cold or 
hot forming techniques. Cold forming is by 
far the most popular, particularly with the 
low carbon groups because of the low initial 
cost and the savings accruing from heading, 
trimming, and threading operations. How- 
ever, the tensile strength of cold-formed low 
carbon fasteners is not as great as that 
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Table I11—Types of Nuts 





Advantages 


Limitations 


Applications 





Available in Full and Jam Nut sizes. Provide 
greater bearing surface than can be supplied 
by regular or light nuts. Top surface flat and 
chamfered ; ring surface is washer-faced. 
Standard class 2 fit facilitates assembly and 
disassembly operations. Hex and square shapes. 


No provision for excess thread 
pressure to prevent loosening by 
vibration. Sharp corners of square 
shapes may mar work surface. 


For general stud or bolt fastening on heavy 
equipment such as farm machinery, automo. 
tive equipment, marine agd earth-moving 
equipment, etc. 











A general service type of nut. Top surface is 
flat and chamfered; bearing surface is washer- 
faced. Standard class 2 fit facilitates assembly 
and disassembly operations. Available in Full 
and Jam Nut sizes. Hex and square shapes. 


No provision for excess 


thread 
pressure to prevent loosening by 
vibration. Sharp corners of square 
shapes likely to mar work surface. 


a 
For general stud or bolt fastening on mod. 
erately heavy equipment such as automotive 
aeronautical, etc. 























A general service type of nut. Top surface is 
flat and chamfered; bearing surface is washer- 
faced. Standard class 2 fit facilitates assembly 
and disassembly operations. Available in Full 
and Jam Nut sizes. 


No provision for excess 


vibration. 


_thread 
pressure to prevent loosening by 


| light tools, etc. 





For general stud or bolt fastening on Heke | 
equipment such as household goods, toys 





Milled slots in upper segment provide for wire 
or cotter pin. Positive locking action assured 
providing excessive vibration, does not break 
wire or cotter pin. 


Bolts or studs must be 


tailed. 


drilled 
through at milled slot to provide 
for wire or cotter pin. Extra in- 
stallation work and expense en- 








Available in both hex and square shapes. Hex 
shapes can be double chamfered if required. 





Washer-faced to prevent marring work with 
sharp corners; have a slight counterbore to 
protect first thread in plating operations. Can 
be plated for decorative uses. 














Type of Materials from 
Nut which usually made 
American | Carbon steel, brass, 
Standard naval bronze, sili- 
con bronze, Monel, 
Nut stainless steel, 
aluminum 
American | Carbon steel, brass, 
Standard | naval bronze, sili- 
Regular con bronze, Monel, 
Nuts ure nickel, stain- 
ess steel, alumi- 
num 
American | Carbon steel, brass, 
Standard | silicon bronze, 
Light Monel, stainless 
Nuts steel, aluminum 
Castel- Carbon steel, brass, 
lated Monel, stainless 
Nuts steel, aluminum 
Machine | Carbon steel, brass, 
Screw silicon bronze, 
Nuts Monel, stainless 
| steel, aluminum 
Hexagon Carbon steel, brass, 
Cap Monel, stainless 
Nuts steel, aluminum 
Wing | Carbon steel, brass, 
Nuts | silicon bronze, 
| Monel, stainless 
| steel, aluminum 
— 
Knurled | Brass, carbon steel, 
Nuts | aluminum 
Self- | Stainless steel a 
Locking 
Nuts 


|No. 1020 Cold 
drawn steel 








steel; anodized 


| Cadmium-plated 
| aluminum alloy 





| High carbon steel 


Usually cold forged to present a smooth, clean 
finish. Especially designed for manual and 
rapid assembly and disassembly operations. 
No tools required. 





Provide a rapid means for manual adjustment, 
assembly, and disassembly operations. No tools 
required. 





Spring action in crest of nut exerts continuous 
pressure on bolt or stud threads. Good torque 
retention and re-usability. Withstands high 
temperatures and cannot be shaken loose. 


Three-sided crimp in crest of nut exerts con- 


tinuous pressure on bolt or stud threads. Made 
to American Standard Light Nut Specifica- 
tions. Cannot vibrate loose: locks on any 


| portion of bolt or stud. Can be reused. 








| have same lead throughout. 


One-piece all-metal construction: withstands 
severe vibration; top locking section has out- 
of-phase threads; load-carrying lower section 
has thread strength of standard nut of com- 
parable size. Two sections connected by spring 
member which is an integral part of unit. 
Axial thread play is reduced. Locking force 
of spring member constant; nuts can re- 
moved and reused without impairing efficiency. 


Sharp corners of square 


ing by vibration. 


shape 
likely to cause marring of work 
surface. No provision for excess 
thread pressure to prevent loosen- 








vent loosening by vibration. 


bolt or stud used. No provision 
for excess thread pressure to pre- 


| 
' 





Definite 


limitation on 











| 
| 
| 





tightness 
since manually installed. No pro- 
vision for excess thread pressure 
to prevent loosening by vibration. | 


Definite limitations on tightness 
since manually installed. No pro- 
vision for excess thread pressure 
to prevent loosening by vibration. 











One-piece, all-metal construction; threaded 
portion of locking crown collar heat-treated 
and distorted from the round on opposite sides 
so as to grip bolt or stud threads when en- 
gaged. No pitch interference, since 


threads | 


Slight reduction 
repeated use. 





in torque with 


Limitation on threaded length of | Used extensively for utility as well as a 
| pearance on instrument panels, etc 


| ual fastening and subsequent unfastening 


See 
Used extensively with bolts or studs in ap. 
plications where a positive locking action }; 
required such as flywheel housings, transmis. 
sion cases, cylinder heads, etc. 





For general fastening with machine screws or 
studs. Used extensively in production item; 
such as electrical equipment, automotive equip. 
ment, etc. 





_ 





Used extensively for inspection plates, cover: 
lids, etc., and all applications requiring man- 








| ery, etc. A proprietary fastening known 4 


| craft Nut Corp. 


—— 


| quiring a vibration-proof fastening and hig) 


Used extensively for instrument and electrica 
apparatus. 





| manutactured by 


Used primarily for aircraft and jet, gas tur- 
bine, and reciprocating engine service; where 
an all-metal, shake-proof nut is required to 
withstand extremely high temperature. A pro- 
prietary fastening known as “‘Hex-Lock’’ and 
manufactured by Boots Aircraft Nut Corp 





Widely used for applications where severe \ 
bration occurs, such as automotive equip 
ment, railroads, marine equipment, machin- 





“*Trilock”” and manvfactured by Boots Arr 
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Particularly adapted to airplane construction 
because of lightweight and high holding 
strength. Used extensively for engine cylinder 
heads, valve covers, housings, etc. A proprit- 
tary fastening known as “‘Rol-Top” and maa- 
ufactured by Boots Aircraft Nut Corp. Other 
proprietary types, similar in function anc 
the same company, ar 
available in wing and bellows styles. 
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Suitable for most machinery applications [¢- 


holding strength. A proprietary fastening 
manufactured by Lamson & Sessions Co. 








which can be obtained from heat treated 


medium carbon steel. 


Hot formed carbon steel fasteners can be 
produced readily from material receiving 
no further heat treatment, the most obvious 
way of increasing the strength being to in- 
crease the carbon content and, secondly, the 
manganese content of the material. How- 


(Continued on next page) 


ever, these additions of carbon and manga- 


nese should not reach such proportions as to 





reduce the plasticity of the fastener to an 
unsafe limit. Usually the limitations are 
governed by the ease with which the mate- 
rial can be machined or threaded. Since 
most hot-formed fasteners are machined or 
cut-threaded in the cold state, sulfurized car- 





bon steels are widely used to facilitate thes 
operations. 


Stainless steel fastenings are used whett 


high tensile strength, corrosion resistan® 
and permanent finish are desired. Sevet 
types of stainless steel are available, © 
of which varies with its percentage of 


chromium, nickel, and carbon. Other et 
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Table I1I—Types of Nuts—(Continued) 





Type of 
u 


if- 
Locking 
Nuts 





—e 


Materials from 
which usually made 


Advantages 


Limitations 


Applications 





Carbon steel, brass, 
silicon bronze, 
aluminum 


One-piece, all-metal construction; locking ac- 
tion obtained by elliptical spring grip in upper 
section of nut that results from uniform 
squeeze against opposite flats during manu- 
facture. Bottom of nut remains circular; only 
top section is squeezed. 





Carbon steel, cad- 
mium-plated, ano- 
dized dural, brass; 
brass, cadmium- 
plated; brass, 
nickel plated 









Locking element is compressible, unthreaded 
and elastic; bolt impresses threads and com- 
presses collar. Nut locks to bolt in any posi- 
tion and fully seats metal threads. Nut is 
removable and can be reused. Elastic collar 
retains grip after repeated use, and effectively 
seals threads against liquid seepage. Available 
in various forms: anchor, standard height hex, 
thin hex, clinch, spline, cap, wing, etc. 














| 
| 
| 
| 
} 


| 


High carbon steel, 
aluminum, _ stain- 
less steel, bronze 





A threaded helical spring coiled with a greater 
pitch than the thread to which applied. Grip- 
ping action is effective whether bolt is in tight 
or loose position. Due to diametric shape of 
unit, and because the outside diameter is 
small; it can be used effectively in applica- 
tions with limited clearances. Controlled heat | 
treating assures longer life and repeated use of | 
nut; deformation and thread stripping reduced. | 








Spring steel, cad- 
mium-plated 





Carbon steel 





Carbon steel, stain- 
less steel 





Spring steel 











Low carbon steel 





| available with bumped barrel to put friction 


| or lugs extending over top of barrel to grip 
| screw threads and thus achieve a self-locking 


Single thread self-locking nut. Inner section 
arches upward and is spirally formed to freely 
engage bolt thread. After wrench tightening, 
spring forces are exerted downward on load, 
inward and upward on bolt. Available in vari- 
ous forms: hex, wing, washer base, cap, etc. | 





Locking action obtained by snap ring pivoting 
within nut. Can be used with or without ser- 
rated bolt. If bolt is serrated, one end of 
snap ring engages nearest serration on bolt 
thread; if plain bolt is used, ends of ring bite 
into thread, Snap ring does not limit travel of 
nut and is a permanent part of nut. 








All-metal locknut with locking ring perma- 
nently inserted and forming an integral part 
of nut. When nut is tightened, pressure forced 
locking ring to flow inward around bolt 
threads, thus removing all axial play from 


| assembly. Locking ring stays deformed after | 
| use and nut can be reused. Not affected by 


high temperatures. Available 
forms: double chamfer hex, 
hex, thin, cap, etc, 


in variety of | 
single chamfer 











Self-locking nut of one-piece construction. As 
nut is tightened, two prongs are forced against 
root of bolt thread, and arch in prongs and 
base is flattened thus producing an upward 
and inward thrust against screw threads and 
a spring lock for resistance to vibration loosen- 
ing. Nuts can be tightened in limited space. 


Free-acting prongs can compensate for varia- | 


tions in thread tolerance. Available in many | 
possible variations of basic design such as ‘‘U”’ 
type, flat latch type, push-on type, etc. 





Essentially a threaded bushing with a sub- 
stantial base combining functions of a non- 
turning nut and a washer. Projections on base 
prevent nut from turning during assembly or 
subsequent operations. Available in wide va- 
riety of sizes and flange designs. Pronged- 
flange type used for fastening in plywood, 
wood, and metal assemblies; bossed-flange 
type for projection welding to metal assembly 
components; and plain-flange type for spot- 
welding installation. Reduces tapping opera- 
tions in metal assemblies and provides a steel 
thread for increased holding power and strength 
in non-metallic materials. Some styles are 


on screw threads and some styles have fingers 


feature. 


Slight reduction in torque with 
repeated use. 


Suitable for most machinery applications re- 
quiring a vibration-proof fastening and high 
holding strength. proprietary fastening 
manufactured by Stover Lock Nut & Ma- 
chinery Corp. 

















Definite limitation on tempera- 
tures and fluids to which nut can 

because of elastic col- 
lar insert. 





Special hand or power-driven tools 
required for production line in- 
stallation. 





Can be used as a load carrying nut 
for light assemblies only. Limited 
to use as a locknut on top of regu- 
lar load carrying nut on heavy as- 
semblies. 





Snap ring, when locked, prevents 
nut from turning but does not 
provide increased thread pressure 
to compensate for bolt stretch or 
wear. 





Suitable for most machinery applications re- 
quiring a vibration-proof fastening and high 
holding strength. A __ proprietary fastening 
manufactured by Elastic Stop Nut Corp. of 
America. 





Suitable for most machinery applications re- 
quiring a vibration-proof fastening and high 
holding strength. A proprietary fastening 


manufactured by George K. Garrett Co. 


Suitable for most applications where a vibra- 
tion-proof fastening is required. A proprietary 
fastening manufactured by the Palnut Co. 
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Suitable for most applications where a vibra- 
tion-proof fastening and high holding strength 
is required. A proprietary fastening manufac- 
tured by Simmons Fastener Corp. 














Suitable for most applications requiring a 
vibration-proof fastening and high holding 
strength. A proprietary fastening manufac- 
tured by the An-Cor-Lox Div., Laminated 
Shim Co., Inc. 
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Suitable for most applications requiring a 
vibration-proof fastening, high holding strength 
and rapid assembly. A proprietary fastening 
known as “Speed-Nut’” and manufactured by 
Tinnerman Products, Inc. 














Prongs on base prevent turning 
only. No excess thread pressure 
on type shown to compensate for 
bolt stretch or wear and no pro- 
visions made to keep screw from 
loosening due to vibration. 


Suitable for most applications requiring a non- 
turning nut and high holding strength. Par- 
ticularly well-suited for fastening non-metallic 
materials. A proprietary fastening known as 
“Teenut’’ manufactured by United Carr Fast- 
ener Corp. 











» Ments are sometimes added in minute quan- 


tities to change the general properties of the 
basic type. The principal types of stainless 
steels used for fastenings are as follows: 
Type 302 is a general purpose 18:8 


5 “{fomium nickel composition that has ex- 
cellent cold-forming and fair machining 
Properties. It can be hardened only by cold- 
Working, and retains an untarnished sur- 


face under most atmospheric conditions. It 
offers high strength at reasonably elevated 
temperatures. 

Type 303 possesses exceptional non-gal- 
ling and non-seizing properties and can be 
hardened only by cold-working. It is a free 
machining grade of the standard 18:8 ty 
and is highly satisfactory for fasteners sub- 
jected to friction and wear. 


Type 304 is an 18:8 grade generally used 
for cold-headed fastenings such as rivets, 
machine screws, bolts and capscrews. It is 
superior to Type 302 in corrosion resistance 
and can be hardened only by cold-working. 

Type 310 is a chromium nickel stainless 
steel with a ratio of 24 to 26 chromium and 
19 to 22% nickel. It offers the highest heat- 
resisting qualities of any of the chromium 




















































































































































































Table 1V—Types of Washers 
a 
Type of Materials from 
Washer (which usually made Advantages Limitations Applications 
— 
Plain Copper; brass; | Provide bearing surface for bolt heads or nuts | Do not provide increased thread | Used extensively for most nut and bolt 
Washers brass, nickel | and thus distribute loading over wider area. | pressure to prevent loosening due | stud applications. 

plated; __ silicon | Prevent marring of work surface when nut is | to vibration, and do not prevent 

bronze; Monel; | tightened down or if bolt head happens to | bolt or nut from turning. 

stainless steel; | turn. Provide better product appearance. 

pure nickel; car- 

bon steel; alumi- 

num 

Counter- Brass; brass, nick- Supplied in both flush and hollow types. Pro- Do not prevent screw from turn- Used extensively on automotive equipment, 
sun el plated; steel, | vide good bearing surface on flat work for | ing and do not provide increased household items, laboratory apparatus, et, 
Finishing chromium plated; | countersunk flat or oval head machine screws. thread pressure to prevent loosen- 
Washers stainless steel; Hollow-type eliminates necessity of counter- | ing due to vibration. Sharp down- 

carbon steel; | sinking work surface to accommodate counter- | turned edges cut into work surface 

Monel; aluminum | sunk screw heads. Increases product appear- | when screw is drawn down snug. 
ance. Particularly useful on soft materials, 

plastics, etc. 
eee — a ee —_— 

Split Silicon bronze, | Spring action in washer helix provides in- | Washers tend to mar work surface Used extensively for most plain threaded 
ype Monel, carbon | creased pressure on bolt and nut threads to where tang of helix impinges on | fastenings. 

Lock steel, stainless | prevent loosening by vibration. Washers can | work. High temperature applica- 

Washers steel, aluminum be reused with little reduction in spring action. | tions can draw temper of washer. 

Tooth High carbon steel, | Tapered and twisted teeth bite into both work | Washers mar work surface where Recommended for use under U. S. Standard 
Lock stainless steel, | surface and bolt head or nut. Can be reused teeth impinge, and do not provide | hex nuts, square nuts, hex washer-head screws 
Washers beryllium copper, | with little, if any, loss in holding power. | 4My, Increase in thread pressure binding or pan head screws and truss or oven 

K-Monel, phosphor Does not loosen under vibration. Also avail- | 4gainst bolt ductility, expansion, | head screws where maximum locking efficiency 

bronze | able as Sems units (preassembled with screws | Contraction, or wear. | is desired. A proprietary fastening manufac. 

of various sizes and heads - tured by Shakeproof, Inc. Internal-tooth lock 
washers are recommended for use under S.A.F 
se hex nuts, round head screws, fillister head 
screws, hex head screws. Can be used under 
U. S. Standard nuts, binding, truss, an 
| washer-head screws where neat appearance js 
Wa | desired. Countersunk tooth lock washer show: 
| is recommended for use under flat head and 
a) | oval head machine screws with 80-82 deg 
) | countersink angles. External-internal tooth lock | 
ar washers are recommended for use where a large | 
> bearing surface is mecessary such as 
ec elongated holes, oversize clearance holes, over| 
| metals with weak understructure, and 
| relatively soft surfaces, etc. 
Dome | High carbon steel, | Available with either plain or toothed per- External locking teeth on toothed | Plain units used widely. on hardened surface: 
Lock stainless steel, | iphery. Plain units give a stiff but resilient | periphery type tend to mar work | which resist biting action of toothed lock 
Washers beryllium copper, | Spring action in addition to locking action | surface where teeth impinge. Plain washers. Useful for spanning oversized o: 

K-Monel of internal teeth. Dome construction absorbs | units susceptible to sliding when elongated holes. Toothed periphery type rec- 
shocks of sudden overloads. Eliminates ten- | spanning oversized or elongated ommended for use on semi-rough or relative! 
dency toward cupping or dishing when washer | holes. | soft surfaces. A proprietary fastening manv- 
spans oversized holes. Toothed periphery types factured by Shakeproof, Inc. 
have all advantages of plain types plus added — 
locking feature supplied by external locking ra en 
teeth. Prevent sliding of clamped member S (PAY 
when spaning oversized holes. Also available 2S  ) 
as Sems units (preassembled with screws of \ 
various sizes and sh apes). = ral 

Spring | Carbon steel | A proprietary variation of st sudecd ‘opie type | Washers tend to mar work surface Suitable for general use and application o 
Washers | lock washer. Non-entangling feature saves as- | where tang of helix impinges on types of automotive, farm implement, electri- | 
| sembly time and lowers costs. Can be reused. | work. cal, stove, or industrial equipment. A proprie-| 
| Also available as Springtite units (preassem- tary fastening known as “Knolink” and mat-| 
| bled with screws of various sizes and shapes). | | ufactured by Reliance Div., Eaton Mfg. Co. | 

Carbon steel Another variation of standard split type lock Washers tend to mar work surface | Suitable for all general applications such as} 
washer. Angle cut tends to embed helix ends | where tang of helix impinges on | those listed for the ‘“‘Knolink”’ type. A propre: 
more deeply in the nut, screw or bolt face and | work. | tary fastening known as “Kantlink” and man- 
bolted surface. Non-entangling feature re- | ufactured by Reliance Div., Eaton Mfg. Co 

tained. Can be reused. 

Carbon steel A definite locking device for use with nut, | Marring of work surface is neces- | Suitable for use on all relatively soft surface 
screw, or bolt on soft surface material. Made | sary to proper operation of washer. | materials such as wood, plastics, rubber, fiber 
in wide thin surface sections. The anchor end | | compositions or soft thin sheet metal, A pro- 

| embeds in the surface and the turned up end | | prietary fastening known as ‘‘Wood Spring | 
| engages the nut, screw, or bolt face. Can | and manufactured by Reliance Div., Eaton 
| be reused Mfg. Co. 

A - —— | - - 

| Carbon steel Non-entangling positive type spring lock | Marring of work surface is neces- | Suitable for general use and application on 4 
washer combining features of both “‘Kantlink’’ | sary to proper operation of washer. | types of equipment where extra holding powe! 
and standard split types. Bent ends of helix | is required, A proprietary fastening known 4 
assure more positive grip on nut, bolt, or | “Nonlink” and manufactured by Reliance 
screw face and on work surface to resist turn- Div., Eaton Mfg. Co. 
ing. Has much stronger tension than other | 

types. Can be reused if tangs are undamaged 
| Carbon steel Double coil design provides necessary reactive | Will not prevent bolt or nut from | Suitable for all ssakeal “applications cl as 
pressure and reactive resilience to prevent | turning, as turned-i in ends of coil | automotive, farm implement, electrical and in- 
| frozen bolted assembly conditions. Washers | do not embed in either bolt head, | dustrial equipment. A proprietary fastening 
| can not mar surface of work. Can be reused | nut, or work surface. known as “Double Coil” and manufactured bi 
| without appreciable loss of spring action Reliance Div., Eaton Mfg. Co 











nickel grades, and although difficult to ma- 
chine, can be readily used for cold-headed 
fastenings. 

Type 316 is the most corrosion-resistant 
of the commonly used grades of stainless 
steel. It differs from the above grades mainly 


(Continued on next page) 





by its molybdenum content, which definitely 
increases its resistance to non-oxidizing acids, 
sea water, etc. It is also a superior compo- 
sition for high temperature applications. 
Type 317 can be hardened only by cold 
working and is similar to Type 316 except 


for a higher molybdenum content and wide! 
application in corrosive atmospheres. 

Type 321 is very similar to both the 302 
and 304 group except that titanium is add 
to help resist intergranular corrosion whe 
subject to operating or fabricating tempe™ 
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Table 1V—Types of Washers—(Continued) 
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tension than that available from identical size 
steel sections in the helical spring washer de- 
sign. not dig in or serrate bolted surface. 
Can be reused. Also available as Springtite 
units (preassembled with screws of various 
sizes and shapes). 


Type of Materials from 

Washer _|which usually made Advantages Limitations Applications 
Spring Carbon steel Design permits use of thinner and more re- Will not prevent bolt or nut from | Particularly suitable for use in quantity on 
Washers silient steel sections. Provides greater reactive | turning, as butted ends of washer | aeronautical applications. A proprietary fasten- 


do not embed in either bolt head, 


nut, or work surface. 


ing known as “Springlox’’ and manufactured 
by Reliance Div., Eaton Mfg. Co. 





Carbon steel 





Specially processed 
alloy spring steel 








Rib on the inner periphery wedges itself into 
the bolt thread and nut chamfer when under 
compression. Wedging action introduces re- 
active pressure and tension in assembly. Can 
be reused if rib section is undamaged. 


Washers tend to mar 
where tang of helix 
work, 





Suitable for all general applications such as 
automotive, farm implement, electrical and 
industrial equipment. A proprietary fastening 
known as “‘Ribbed’’ and manufactured by Re- 
liance Div., Eaton Mfg. Co. 


work surface 
impinges on 








Radiused edges avoid possibility of heat cracks. 
Washer can be supplied either with or without 


| ground end deflection. Can be reused. 





Washers tend to mar 
where tang of helix 


| work. 


work surface 


work Particularly suitable for all applications re- 
impinges on 


quiring premium quality, heavy duty, or high 
temperature service. proprietary fastening 
known as “Hy-Service’’ and manufactured by 
Reliance Div., Eaton Mfg. Co. 














Table V—tTypes of Studs 








Advantages 


Limitations 


Applications 




















Stud can only be removed from tapped hole 
by force because of Class 5 (wrench fit) 
threads. Other end threaded with a Class 2 or 
Class 3 fit for nut. Stud cannot vibrate loose 
in tapped hole; no thread-staking required to 
assure tightness. Both ends flat and chamfered 
35 to 40 degrees with end of stud. 





Used in place of a bolt (or as a tie rod) with 
a nut on each end. Each end threaded with a 
Class 2 or Class 3 fit. Both ends of stud are 
flat and chamfered 35 to 40 degrees with end 


| of stud. 





Threaded one continuous thread for entire 
length. Thread is either a Class 2 or Class 3 
fit to take nut along entire length. Both ends 
of stud are flat and chamfered 35 to 40 de- 
grees with end of stud. 








Type of Materials from 
Stud which usually made 
Tap End Brass, naval 
Studs bronze, silicon 
bronze, Monel, 
stainless steel, car- 
| bon steel, alumi- 
| num 
Double i Brass, naval 
Ended | bronze, silicon 
Studs bronze, Monel, 
stainless steel, car- 
bon steel, alumi- 
| num 
Continu- | Brass, naval 
ous bronze, silicon 
Thread bronze, Monel, 
Studs stainless steel, car- 
| bon steel, alumi- 
| num 
Locking | Carbon steel 
Studs 
Drive Alloy steel 
Studs 
Welded Carbon steel 
Studs 


An improved form of the Dardelet thread on a 
stud for mounting in a standard threaded hole. 
No selective thread fits are required. Normal 
working load is carried on the 6 degree angle 


at root of thread under high compressive pre- | 


stress. Stronger in tension and torsion than 
ordinary American National Threads. Threads 


seal positively and eliminate added bosses or | 


blind tapping. Studs are reusable; on reappli- 
cation, about % additional turn brings torque 


| back to original installation value. Standard 
| threads usually used on nut end of stud. 





| Eliminates drilling and tapping operations. 


Studs are fired into surface by means of pow- 
der charge from special gun tool. Extremely 
rapid installation of studs assured. Both ex- 
ternally and internally threaded studs available. 


Eliminates drilling and tapping operations. 
Flux-filled studs are end-welded with special 
welding gun. Extremely rapid installation of 
| studs assured. 





No provision for 


excess 
pressure on nut end to prevent nut 
from loosening due to vibration 

















thread | Used extensively in place of bolts or cap 
screws in general applications such as cylinder 


heads, brackets, fixtures, fittings, etc 













No provision for 


to vibration. 


No provision for excess thread 
pressure to prevent loosening due 


to vibration. 


excess 
pressure to prevent loosening due 


-— | —— — — —_ a 


| Used generally in such applications as auto- 
motive, farm implement, and industrial equip- 
ment, etc. 


thread 


Primarily used as a double ended stud for 
applications where a shorter length is required 
than the minimum usually furnished in the 
double end type. 








Studs work better in the lighter 
metals than in the heavier types. 


Definite limit on 
torque of driven stud because of 


smooth stud surface. 








Used extensively for such applications as cylin- 
der hold-down studs, manifold studs, cylinder 
head studs, air brake cylinder studs, etc. A 
proprietary fastening manufactured by the 
Lock Thread Corp. 





tension and 





Used mostly for applications such as oil burner 
casings, air conditioning ducts, sprinkler sys- 
tems, etc. A proprietary fastening manufac- 
| tured by Stemco Corp. 


I 


: 4 
= 





| Materials in which studs are to be 
mounted must be readily weldable. 


Used for covers, plates, boilers, tanks, etc. 
| A proprietary fastening manufactured by Nel- 
| son Stud Welding Div., Morton-Gregory Corp. 


= 
— 


a 


CC 








tures in the range of 800 to 1650 F. 

Type 410 is a straight chromium alloy 
Containing no nickel. It is hardenable by 
heat treatment up to 401 Brinell, and is 
considered to be a general-purpose corrosion 
heat-resisting steel. It can be easily 
air machining properties. 
ype 416 is primarily characterized by 
outstanding free-machining and non-galling 
Properties and is similar to Type 410 except 
that more chromium is present. Its corrosion 
Fesistance is excellent, it can be hardened up 
8 Brinell, and is suitable for fabricating 


and 


| headed and has f 


T 


to 38 


studs, nuts and bolts. 


Type 430 is also similar to Type 410 but 
contains additional chromium and is not 
atdenable. The corrosion and heat resist- 
ance qualities are excellent and it offers good 
‘forming and machining properties. 


co 


rially decreased. 


Type 446 is another of the straight chro- 
mium types but is non-hardenable by heat 
treatment. It is primarily a heat-resisting 
metal intended for fastenings subjected to 
stress and oxidation at high temperatures. 

One of the most desirable properties of 
stainless steel fastenings is its permanent 
brightness and luster. Because subsequent 
plating is not required to enhance appear- 
ance or prevent rusting, deterioration is 
eliminated, and only minimum care is re- 
quired to preserve the original finish of this 
metal. Since the threads and heads, etc., are 
hardened by cold working, stainless steel 
fastenings are particularly strong and in- 
stallation difficulties and breakage are mate- 


Aluminum is continually broadening its 
scope of applications, and its use in fasten- 


ings is no exception to this. Its features of 
lightness, corrosion resistance to ordinary 
atmospheric conditions, easy cold flowing 
qualities, ready alloyability, and low cost are 
all contributing to its rapid rise. Heat treated 
aluminum provides ample strength for most 
fastening applications, and the variety of 
finishes it can be given permits additional 
sales-appeal. Aluminum fasteners permit 
wide use of aluminum structural members, 
frames, or sheets without the danger of gal- 
vanic corrosion that can occur when such 
structures are fastened with a dissimilar 
metal. Aluminum fasteners are also particu- 
larly advantageous in joining nonmetallic 
assemblies such as products of wood, plastic, 
composition, etc., since no red rust stains or 
streaks can mar the appearance of adjacent 
surfaces if the assemblies are exposed to 
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Table Vi—Types of Rivets 











nut, 


Monel, 


ST for stem, 24ST 
aluminum alloy for 
17ST 
stem, carbon steel, 


for 


brass 








Low carbon steel 
(head and shank) 
spring steel (wire) 


| Carbon steel 


17ST 





of self-plugging type is notched at predeter- 
mined point. Lower portion of stem has plug 
or expanded section with cylindrical upsetting 
head at base. With rivet installed, stem is 
pulled into hollow member. Plug section of 
stem expands rivet shank into material being 
fastened. As upsetting head at base of stem is 
pulled against shank end of hollow member, 
shank end expands to form a tulip head. Pull 
continues until stem fractures at notch. Rivet 
combines advantages of shank expansion, gen- 
erous hole size tolerances, and generous mate- 
rial thickness tolerances. 


reduction in holding strength when 
used to fasten thin sections. Can- 
not be reused. 





Pull-through type designed for installations 
requiring a hollow fastener with positive shank 
expansion and high clinching action. Stem has 
conical upsetting head at base. Gun pulls 
conical head into rivet shank and forms tulip 
head. Head continues on through rivet ex- 
panding rivet shank as it goes. Stem is ejected 
on gunside of work. No stem-sections fall on 
blind side. Umbrella plugs available to fill 
holes in rivets. 





A reusable-type blind fastener consisting of a 
slotted-head stud and U-shaped wire spring. 
Unit applies in an outer sheet through a 
punched hole carrying notches to admit spring 
legs. A quarter-turn in clockwise direction puts 
an initial twist in the spring, draws the legs 
through notches so fastener will turn freely in 
outer sheet. Further insertion through match- 
ing perforations in one or more inner sheets, 





| followed by another quarter-turn draws sheets | 
together and locks. Vibration-proof and self- | 


adjusting for varying sheet thicknesses. 

A thread-type blind rivet installed with a 
power screwdriver and special adapter to pre- 
vent rivet head from turning during installa- 
tion. Rotating bit within adapter turns steel 
machine screw inside rivet body. Screw draws 
steel collar into rivet. Rivet expands as collar 
enters shank. Formation of blind head draws 
sheets tightly together. Tool can be adjusted 
to tighten rivet to a preset torque. 


Umbrella plugs required to form a 
water-tight riveted joint. Special 
tools required for rivet installa- 
tion; slight reduction in holding 
strength when used to fasten thin 
sections. Cannot be reused. 


. | 
Type of Materials from 
ivet which usually made Advantages | Limitations Applications 
Blind A17 ST Aluminum | Available in self-plugging and_ pull-through | Special tools required for installa- | Widely used for a variety of blind fastenin 
Rivets alloy for rivet, 17 | types with round and countersunk heads. Stem | tion. Tensile loads limited; slight | applications in the construction, 








Considerable time and work in- 
volved in punching, drilling, or 
filing necessary holes or perfora- 
tions for fasteners. 


Special tools required for installa- 
tion. Possibility of loosening due 
to vibration. Cannot be reused. 
Possibility of stripping threads. 





Sunieen: 

















Explosive rivets with a deep cavity in the Special tools required for installa- 
nickel, Monel, | shank containing a small charge of heat-sensi- | tion. Cannot be reused. Possibility 
| steel, brass, cop- | tive powder. Non-precision drilled or punched | of occasional duds. 
per holes used. Rivet inserted in hole and head 

| touched with electrically-heated riveting iron. | 

| Heat detonates explosive charge in rivet shank, 

| causing shank to expand and form a barrel- | 

| shaped head or blind end of rivet. Shank ex- 

| pands throughout entire length thus completely 

filling oversize holes and assuring an all-over, | 
metal-to-metal tight joint. Good adaptability 
| to closely confined work areas. Rapid instal- | 
lation. 
Frereery steel, | One-piece, internally threaded blind rivets | Special tools required for installa- 
brass which also serve as blind nut plates after in- | tion. Cannot be reused. When 

stallation. Available in flat and countersunk | used as nut plates, no excess 

head styles with either open or closed ends. | thread pressure is obtained to pre- 
| Also available with keys in heads to prevent | vent screw from loosening due to 
turning when used as nut plates. To install, | vibration. Possibility of stripping 

unit is threaded on pull-up stud of special | threads if excessive tool pressure 

heading tool and then inserted in hole. If key | is applied. 

is used, it must be positioned to enter the 

| keyway previously cut in edge of hole. Pull-up 

| stud of heading tool is retracted, drawing blind 

| side of fastener up into a tight-gripping bulge. 

| Pull-up stud is then disengaged. Threads are 

left intact to receive screw when unit is used 

| as a nut plate. Fasteners can be supplied with 

splines on shank for use in wood, plastics, 

hard rubber, etc. 
Steel, aluminum, | Internally threaded blind rivets which also | Special tool required for installa- 
| bronze serve as blind nut plates after installation. | tion. Cannot be reused. When 
Available with flat, countersunk, flush, hex, | used as nut plates, no excess 





and spacer heads. Also available without tap- 
ping for nut plate. For installation, blade of 
special heading tool is inserted in rivet so that 
blade extends through barrel end slot and 
driver is held in head slot. Rivet is inserted in 
hole and barrel rotated until sleeve is pulled 
up against sheet on blind side. Pull-up tool is 
then disengaged. Rivet threads are left intact 


to receive screw when rivet is used as a nut | 


| plate. 





thread pressure is obtained to pre- 
vent screw from loosening due to 
vibration. Possibility of stripping 
threads. 


| Simmons Fastener Corp. 








: ; ship-building 

aeronautical, automotive, sheet metal, and 

transportation industries for assembling tan\, 

structures, ducts, bodies, etc. Proprietary 

ae manufactured by the Cherry Rive 
oO. 


Applications same as above. A_ proprietary 
fastening manufactured by the Cherry Rive 
Co. 
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Widely used for fastening moderately igh; 
gage metal assemblies such as refrigeration, air 
conditioning, communication equipment, et; 
A proprietary fastening manufactured by th 








Extensively used in fastening heavy gage she \ 
metal in such applications as tanks, 
bodies, structures, etc. A proprietary fastening| 
manufactured by the Cherry Rivet Co. 


Widely used for many blind fastening appl- 
cations particularly in the automotive and 
aeronautical industries such as wing sections 
fuselage sections, paneling, etc. A proprietar 
fastening manufactured by E. I. du Pont de 
Nemours & Co. 


Used extensively ‘in virtually every manufac- 
turing field including automobiles, refriger:- 
tors, electrical equipment, household appl 
ances, aeronautical, etc. A proprietary fasten- 
ing known as “‘Rivnut’”’ and manufactured by 
the B. F. Goodrich Co. 








Used extensively in many manufacturing fields 
including automobiles, refrigerators, electrica 
equipment, household appliances, aeronautica, 
etc. A proprietary fastening known as “Lok- 
Skru”’ manufactured by the Dill Mfe. 








atmospheric conditions. Threaded aluminum 
fasteners are easily removed and reassembled 
without danger of rust-binding and subse- 
quent breakage. Where maximum strength 
and stiffness is required in an aluminum 
fastening device, 24S-T4 Alclad is usually 
used; for general use, where some deforma- 
tion under load is desirable, 2S-H18 is used. 


(Continued on next page) 


applications. 





The non-toxic qualities of aluminum and its 
alloys are particularly important in cases 
where the metal is in contact with foods, 
beverages or drugs, and its chemical resist- 
ance to certain acids, alkalies, yeasts, gums 
or resins is important for many specialized 


Since aluminum fasteners weigh only 4 


as much as comparable steel, brass or nickel 
types, their inherent lightness and gt 
strength have resulted in widespread aefe 
nautical use. As the stressed-skin type of a! 
craft construction has developed, the us¢ ° 
cold-driven aluminum alloy rivets in 
smaller sizes has increased considerably. Th 
duraluminum type of alloy is frequent’ 
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Mechanical Fasteners 





Table Vi—Types of Rivets—(Continued) 










































































































































i rials from —- 
Lay vice aualy made Advantages Limitations Applications 
Blind 56S hard alumi- | A two-part, preassembled blind rivet consisting | Special tool required for installa- Used in many manufacturing fields such as 
tening vets num alloy for | of a hollow sleeve having a head with a coni- | tion. Cannot be reused. Finished automobile, refrigeration, electrical equipment, 
ilding, wai sleeve. 24SRT alu- | cal recess and locking collar at the outer end; | rivet pin break must be ground | appliances, aeronautical, etc. A proprietary 
» and minum alloy for | and a pin which is pressed into the sleeve. | flat for a smooth, flush appear- | fastening manufactured by the Huck Mfg. Co. 
tanks, pin Rivet is available with either countersunk or | ance. 
rietary brazier head. During initial part of driving 
River operation, special riveting gun pulls extruding 
angle and land of pin through sleeve, expand- 
| ing sleeve to fill the hole. After sleeve is ex- 
panded, sleeve is squeezed between head of pin 
and nose of rivet gun to form blind head. 
Head of pin upsets sleeve end and forms a 
bulbed head. With blind head formed, gun 
forces locking collar at outer end of sleeve CE 
into conical space between recess in head and 
locking groove in pin. Finally, pin is broken 
ieee off in tension at breakneck groove substantially 
sm | flush with projecting head of sleeve. 
ivet 
| Carbon steel, brass, | A blind rivet designed on the principle of the | Limited strength achieved. Can- | Used primarily in assembling electrical switch- 
copper expansion bolt and consisting of a slotted and | not be reused. boards, and for fastening fixtures, brackets, 
headed form through which a hole is longitu- bins, etc. A proprietary fastening manufac- 
dinally bored part way. A pointed pin is driven tured by the Brush Nail Expansion Bolt Co. 
through this hole. As point of pin reaches 
bottom of bored hole, it forces the legs of the 
rivet apart, thus clinching the joined sheets. 
| No special tools are required. 
y light 
ion, air ; a 
—- High carbon steel, | A blind fastening designed to hold two or | Limited holding strength is | Used primarily for assembling and installing 
' | low carbon steel, | more thicknesses of material firmly together. | achieved. lightly-stressed components such as mats, 
brass Available in several different styles. Three panels, trim, moldings, etc., in automotive and 
flared prongs on style shown are compressed as aeronautical industries. A proprietary fasten- 
rivet is pushed through pre-drilled hole. Prongs | ing known as “Trimount’’ manufactured by 
spread in hole and flared tips securely hold | United-Carr Fastener Corp. 
| material when emerged on blind side. No spe- | 
| cial tools are required for installation. | fb 
x z Sprerenetenains | 
Be she Collar | Steel | A two-piece rivet available with 100 deg. flat | Special driving tool required. Used extensively in many manufacturing fields 
, Uf Rivets countersunk or flat binding head and consist- such as automotive, aeronautical, refrigeration, 
on j ing of headed rivet pin and circular collar. electrical equipment, etc. A proprietary fasten- 
5 No washers or shims are required because col- ing known as “Hi Shear” and manufactured 
x lar adjusts itself when driven. Rivet can be by the Pheoll Mfg. Co. 
i driven from pin or collar end. 
5 app | ro and 75ST | A two-piece fastener consisting of a headed | Special tool required for installa~ | Used extensively in many manufacturing fields 
a | aluminum alloy, | pin and a locking collar. Pin is partially ser- | tion. Cannot be reused. Finished | such as automotive, aeronautical, refrigeration, 
— | carbon steel, high- | rated with grooves for jaws of driving gun, | tivet pin break must be ground | electrical equipment, etc. A proprietary fasten- 
ong | strength alloy steel | and also serrated with grooves for locking flat for a smooth, flush appear- ing manufactured by the Huck Mfg. Co. 
, collar. After pin is inserted in work, collar is | ance. 
slipped on and gun applied. Gun jaws engage 
pull grooves in end of pin. Initial pull of gun | 
| squeezes work together between collar and head | 
of pin. Hole is filled as pin is drawn into a | 
F | press fit in hole. Increased pull on pin forces 
4s gun anvil over collar, swaging collar into ser- 
4 rated locking grooves on upper shank of pin. 
a Further increase in pull breaks off pin at 
ne breakneck groove approximately flush with 
— 3 collar. Pins are available in a wide variety 
free | of heads, 
appil- 4 a - e “a 
' fasten- | Solid Carbon steel, stain- | Available in wide variety of head styles: | Peened end of rivet subjected to Widely used in many manufacturing fields 
ured by | Rivets less steel, brass, | round, flat, 90 deg. flat countersunk, tinner, | severe stresses in heading opera- | and construction fields. 
copper, zinc alloy, | cone, pan, oval, acorn, etc. No special tools | tion.. Rivets cannot be reused. 
Monel, silicon | are required for heading operations since ends Considerable care required to as- 
| bronze, nickel al- | of rivets are merely peened over to clinch the | sure liquid-tight joint. 
| loy, aluminum, | sheets. Washers are sometimes used under the 
naval bronze peened ends to protect the work surface and 
to provide a better bearing surface. ieee =r 
Split Carbon steel, stain- | Available in wide variety of head styles: | Bent prongs or legs of rivet sub- Widely used in many manufacturing fields, 
Rivets less steel, brass, | round, flat, 90 deg. couniievansli; enae, ‘poms, ¥ 9008 to severe stresses in bending | Particularly where a ent a and —- 
copper, zinc alloy, | oval, acorn, etc. No special tools are required | @peration, Limited strength of | made joint is not required to withstanc 
Monel, silicon | since heading usually consists of merely bend- | joint, Rivets cannot be reused. heavy loads. 
bronze, nickel al- | ing the two prongs or legs outward to clinch Liquid-tight joints cannot be ob- 
ea ern loy, aluminum, | the sheets. Washers are sometimes used under tained. 
ng fields naval bronze the bent prongs to protect the work surface 
electrica from gouging or marring by the prongs and 
na Lok to provide a better bearing surface. 
Ss all enna = 
[fg. Co Tubular . ae ilable in wide variety of head styles: | Rolled edge of rivet subject to | Widely used in many manufacturing fields 
ee Tasos onerl, Sate she 9 flat. 90 dee. cance: let pt aac severe stresses in bending opera- | where a low-cost and quickly-made joint is not 
| copper, zinc alloy, | oval, etc. No special tools are required since | tion. Limited strength of joint. required to withstand heavy loads. 
|Monel, silicon | heading usually consists of merely spinning, | Rivets cannot be reused. Liquid- | 
| bronze, nickel al- | rolling, peening or flaring the hollow end of tight joints difficult to obtain. 
| loy, aluminum, | the rivet over to clinch the sheets. Washers are 
| naval bronze sometimes used under the headed end to pro- 
tect the work surface from gouging or mar- 
ring and to provide a better bearing surface. | 
———— 

/ used, being driven in the soft condition that hardening. fastenings produced from an aluminum alloy 
or nickel exists following solution heat treatment. Aluminum alloys containing magnesium containing approximately 5% magnesium. 
ad grea Subsequent precipitation hardening of these are used for fastenings in many aircraft Such fastenings are installed cold, and the 
ad aete fivets results in full mechanical properties components. These alloys possess consider- difference in potential between them and 
9€ of all: and corrosion resistance. The difficulty for- able work hardening capacity and thus the the magnesium components is so small 
1 use OS erly associated with driving such rivets fastenings develop reasonably high strengths that little, if any, corrosion results. Pure 
; in the BB shortly after solution heat treatment has been after installation. aluminum fastenings are sometimes used in 
bly. The BRE overcome by use of refrigeration to delay age Magnesium alloys are usually joined with this material, but their low shear strength 


equentl} 








| 
| 
| 
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Table Vil—Types of Staples 





Type of 
Staple 


Materials from 
which usually made 


Advantages 


Limitations 


Applications 








Fiat, or 
“Square” 
Type 
Stitch 


Curved, or 
“Round” 
Type 
Stitch 


Steel wire, 18 gage 
or less, 


Steel wire, 18 gage 
or less. 





| angles at all four corners in 
contact on both sides of joined work. Positive 


Joins metal to metal, or metal to fabrics, 
rubber, wood, asbestos, plastics, fiber, etc., 
without requiring backing strip to prevent 
pulling through. Can be used to produce 
“‘sandwiches”’ of various materials between two 
sheets of metal. Maximum strength obtained 
by firm clinching pressure. Sharp 90 deg. 

produce full “‘line”’ 


pressure provided between joined parts; amount 
of pressure being adjustable over wide limits 
by variable clinching action and die pressure 


during stitching. High production rates as- | 


sured at low cost. 





Definite limitation on thicknesses of stock 
that can be joined. Flush joints cannot be 
produced. Considerable difficulty encountered 
in disassembly operations. A certain amount 
of inaccessibility in tight corners and sharp 
radii. Difficulty in obtaining airtight seams. 
A slight amount of distortion produced, 
especially when stitches fall close to edge of 
material. Definite limitation on strength of 
joint. 








Same general advantages as those indicated for | 


flat, or ‘“‘square’’ type stitch: High production 
rates assured; extreme versatility; fast in- 
spection; low cost assembly; etc. But does not 
achieve same degree of positive clinching pres- 
sure between joined parts, nor same full “‘line’’ 
contact with surface of work on under side. 





| joint. Not 


Results in a “‘springy’’ joint with weak pres- 
sure because grip is limited to point contact 
only. Even greater difficulty in obtaining air- 
tight seams than with flat type. Greater dis- 
tortion and limitation on strength of joint. 
Flush joints cannot produced. Definite 
limitation on thickness of stock that can be 
joined, Vibration causes “‘knee”’ of stitch to dig 
into work surface on curved side; this de- 


| creases fastener strength and allows play in 








Widely used to fasten lightly 
loaded and lightly stressed struc. 
tures in automotive, aeronautical 
and cae fields such as fasten. 
ing grillework, shielding, housings, 
insulation assemblies, etc. 





Widely used to fasten lightly- 
loaded and comparatively non- 
stressed structures in automotive, 
aeronautical, and appliance fields 
such as fastening insulation strip. 
ping, radiator shells, instrument 
panel assemblies, housings, etc. 





| 


cations. 


satisfactory for stressed appli- 








effectively limits widespread use in this 
connection. 

Nickel and nickel-base alloys are used for 
fastenings where high mechanical properties 
are needed to withstand corrosive liquids or 
gases, extremely high or low temperatures, 
shock loading, or other similarly destructive 
service conditions. These materials are dis- 
tinguished by their combination of strength, 
toughness and resistance to corrosion. 

The nickel used for fastening devices is 
usually the commercially pure grade. Fasten- 
ings of this metal are especially recom- 
mended for food processing, chemical and 
pharmaceutical applications where the pur- 
ity, color or flavor of the product must be 
protected against metallic contamination. 
The mechanical properties of nickel are 
similar to those mild steel, and it retains 
its strength well at high temperatures. Its 
ductility and toughness, as well as its 
strength, are likewise retained at extremely 
low temperatures. 

Inconel is used for fastenings primarily 
where high strength and resistance to oxida- 
tion up to 2000 F must be maintained. 

Monel is the nickel alloy most commonly 
used for fastenings where greater strength, 
hardness, toughness and corrosion resistance 
are required than is ordinarily found in mild 
steel. Monel is widely used in marine con- 
struction, chemical equipment, etc. where 
such characteristics are needed to withstand 
severe service. 

K-Monel is similar to Monel in composi- 
tion and corrosion resistance, but has an 
added advantage in that it can be hardened 
by heat treatment to obtain strength and 
hardness values corresponding to those of 
heat-treated alloy steels. 

Copper is an excellent cold-flowing mate- 
rial and is used extensively for fasteners 
that do not require high tensile strength. 
It has a high resistance to atmospheric corro- 
sion and stress corrosion, and provides an 
excellent and durable surface if subsequent 
plating is desired. To enhance or achieve 
certain characteristics that are either lacking 
or present only in a small degree, other 
metals are commonly alloyed with the 
copper to produce materials for specified 
applications. 

Brass is the most common of the alloys of 
copper. It is relatively inexpensive; is easily 
worked into any shape or form; is strong 
and tough; and is resistant to corrosion. 
For most common fastening applications, 
two brass alloys are customarily used: free- 
machining Yellow Brass and ordinary 
Yellow Brass. The free-machining grade 
contains approximately 3% lead which im- 
parts the free-machining qualities. Nuts, 


set screws, studs, and other milled fasteners 
are commonly made from this alloy. The 
ordinary grade of Yellow Brass is commonly 
used for bolts and rivets. Both grades have 
an average tensile strength of 65,000 psi., 
and both will take and hold a plated coating 
excevtionally well. 

Bronzes are used for many types of fasten- 
ing devices where high tensile strength, good 
conductivity, easy workability, and corrosion 
resistant qualities are desired. Combinations 
of copper with phosphorus, manganese, tin, 
lead, silicon, etc., in varying degrees produce 
a variety of bronze alloys from which vir- 
tually all characteristic requirements can be 
met. Several of these are of a proprietary 
nature, particularly in the case of the copper- 
silicon alloys. These bronzes have a tensile 
strength approximately equal to that of mild 
steel and offer a greater resistance to a wider 
variety of corroding agents than pure copper. 
Silicon bronze fastenings are used exten- 
sively for pole line hardware, marine equip- 
ment, sewage treatment and water reservoir 
installations as they resist “season cracking”’ 
due to seasonal temperature change and 
resist atmospheric corrosion. High silicon 
(2.7 to 3.75%) bronze is used primarily in 
the manufacture of hot forged machine 
bolts, carriage bolts, washers, lag screws and 
large size rivets. Low silicon bronze is used 
for cold-headed bolts, machine screws and 
rivets as well as for certain sizes of nuts. 

Naval bronze and naval brass are one and 
the same alloy, the apparent duplication 
being caused by the fact that naval bronze is 
the commercial name and naval brass is the 
name given it by the Navy Department. 
This alloy is an improved form of Muntz 
Metal and contains a small percentage of 
tin. It possesses the necessary resiliency and 
toughness to withstand sudden shock and 
strain caused by impact, and is used pri- 
marily for fastenings exposed to rough, cor- 
rosive service conditions. 

Manganese bronze is another copper, zinc 
alloy of the Muntz Metal type which has 
been improved in physical properties and 
corrosion resistance by the addition of small 
amounts of manganese, tin and iron. Tin 
imparts hardness and strength and increases 
corrosion resistance by reducing dezincifica- 
tion. Iron increases hardness and strength 
and acts as a grain growth inhibitor. 
Manganese also refines grain structure, in- 
creases strength, and improves working 
properties. Manganese bronze fastenings are 
primarily used where great strength plus 
incorrodibility are required. It is used in 
place of naval bronze where higher physical 
strength is necessary. 

Phosphor bronze is the most important of 


the copper-tin alloys, and is composed basic. 
ally of these two metals with the oxide 
eliminated through the addition of phos- 
phorous as a deoxidizing agent. By means 
of close alloying control, fine-grained, homo. 
genous metals are produced that posses 
high tensile strength, high elastic limit, high 
resistance to fatigue, high corrosion resist- 
ance, high resistance to wear, and low co 
efficient of friction. By virtue of these quali. 
ties, phosphor bronze is especially suitable 
for use in fasteners that are subjected to ex- 
cessive strain or vibration. It can be worked 
either hot or cold with minor alloying ai- 
justments and is used chiefly for large-size 
bolts, nuts and studs. 
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MATERIALS: Nonmetallics 


Strengths of Various Adhesive-Adherend Combinations 


The strength properties of the adhesive-adherend 
combinations given below are based on the results of 
aa investigation made by the National Bureau of Stand- 
ards for the National Advisory Committee for Aero- 
nautics. The choice of adherends and adhesives for the 
work was governed by a desire to study many different 
chemical types of bonds. 

Table I lists and describes the nature of the adhesives 
and gives the processing data. Table II gives the strength 


data. The shear strengths given are based on tests of 
double-lap joint specimens. The impact strengths are 
based on tests of single lap joint specimens. All speci- 
mens were conditioned for a minimum period of seven 
days at a temperature of 77 F and 50% relative humidity 
and were tested under these conditions. 

The report from which this data are taken is “Com- 
parative Strengths of Some Adhesive-Adherend Sys- 
tems,” by N. J. DeLollis, Nancy Rucker and J. E. Wier. 


Table 1—Description of Adhesives and Processing Data 








Manu- 
facturer 


Formulation 


| 
Adhesive Type | 


(Parts by Weight) 





Drying Conditions Bonding Conditions 





Pressure 
(Psi.) 


Time (Hr.) | Temperature | Time (Hr.) | Temperature 


(F) (F) . 





Cellulose 


20-sec. vis- | Hercules Cellulose nitrate 
Nitrate | 


cosity Powder Co. | Ethyl acetate 
Camphor 





10 
85 


5 






20 150-200 











Polyvinyl AYAF 


Acetate 


Polyvinyl acetate 


| Carbide & 
Acetone 


Carbon 
Chemicals 
Corp. 





20 
80 














Resorcinol resin 
Catalyst 


Pennsyl- 
vania Coal 
Products Co. 


: Penacolite 
G1131 


Resorcinol 
Resin 








Casein Co. 
of America 


Casein | Reg. B 1 





(soak for 15 

min. ) 
Calcium 

hydroxide 
Sodium fluoride 


| (12 H:0) 





Casein 100 
Water 300 


Sodium phosphate 17.4 




















Gum Arabic | GU 2 Arabol 
Manufac- 


turing Co. 


Gum arabic 
Water 
Thymol 


Rubber 
Benzene 
Zinc oxide 
Sulfur 








ens 


Rubber | Smoked | — 
| sheet 


- ig 





Neoprene Neoprene 
Ethyl acetate 
Zinc oxide 


Magnesium oxide 


EL du 
Pont de 
‘Nemours & 


‘Co., Inc. 








50 





| 


| 150-200 


248 =| 150-200 








| 





(Continued on page 85) 
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NUMBER 177 (Continued) STRENGTH OF VARIOUS ADHESIVE-ADHEREND CONDITIONS 


Table 11—Strength Data for Various Adhesive-Adherend Combinations 





Adhesive 





Adherend 


Cellulose 
Nitrate 


Resorcinol 


Resin 


Casein 


Gun 


A. abic | Rubber Neoprene 





STAINLESS STEEL 
Shear Strength, (Psi.) 


Tensile Adhesion 
Strength, (Psi.) 


ALUMINUM ALLOY 
Shear Strength, (Psi.) 
Tensile Adhesion 

Strength, (Psi.) 
Impact Strength, 

Edgewise, Ft.-Lb. 
Impact Strength, 

Flatwise, Ft.-Lb. 


PAPER-PHENOLIC 
LAMINATE 
Shear Strength, (Psi.) 
Tensile Adhesion 
Strength, (Psi.) 





GLASS 
Shear Strength, (Psi.) 


Tensile Adhesion 
Strength, (Psi.) 





BIRCH WOOD 
Shear Strength, (Psi.) 


Tensile Adhesion 
Strength, (Psi.) 


Impact Strength, 
Edgewise, Ft.-Lb. 


Impact Strength, 
Flatwise, Ft.-Lb. 


HARD RUBBER 
Shear Strength, (Psi.) 


Tensile Adhesion 
Strength, (Psi.) 





1680 


860 


1940 


1180 


0.397 


0.079 


1660 


1020 


290 


0.985 


0.056 
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Assembly costs are elimi- 
nated by producing this 
stainless steel valve cage 
by the precision investment- 
casting process. Formerly 
made in two pieces and 
joined together, the cage 
is now produced as a 


single, integral casting. 


This screw cycle controller 
is investment-cast from a 
one-piece wax pattern. The 
port was formerly made 
by brazing together two 
individual pieces machined 


from bar stock. 


This HAyNes SrTetuite alloy 
sealing segment was re- 
designed in order to avoid 
warpage and distortion. 
Although the ribbed section 
—which was formerly solid 
—adds to the intricacy of 
the part, it causes no fabri- 
cation difficulties when 
produced by Haynes pre- 


cision investment casting. 


WELLL Cabling 





The alloys that are available 
HAYNES precision investment cast. 
ings—such as HAYNES STELLirtz. 
HASTELLOY, and MULTIMET alloys, 
and certain stainless steels~—ar 
strong materials that resist the mos 
severe abrasion, heat, and corrosion, 
But because of their unusual proper. 
ties, these alloys are often difficul: 
and costly to fabricate by conven. 
tional methods. The precision invest. 
ment-casting process, however, is ; 
practical method of producing parts 
from these materials. And it makes 
possible the liberal use of such design 
features as thin edges, fillets, irregu- 
lar holes, and intricate contours. 


If you need production quantiti« 
of an intricate part cast to clos 
tolerances, investigate HayNes pre- 
cision investment castings. You wil 
find that they are smooth and uni- 
form—and held to such close dimen- 
sional standards that several finishing 
operations might be eliminated. Our 
engineers will co-operate with you it 
designing new parts to be precisi0i 
investment-cast, or in re-designin{ 
parts for greater efficiency and in- 
creased economy. For more inform: 
tion, write for the booklet ‘*Hayns 
Precision Castings.”’ 








| » ral Offices and Works, Kokam, Indiana 








The trade-marks “Haynes,” “Haynes Stellite, 








distinguish products of Haynes Stellite Compo” 
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Fftect of Sulfur on the Quality 
of Steels 


Despite the fact that the problem has 
ong existed, the effect of sulfur on the 
suality and end uses of steel products has 
never been clearly resolved. M. Tenenbaum 
, his paper “Effect of Sulphur on Quality 
nd End Uses of Steel Products,” presented 
Nefore the general meeting of the American 
ron & Steel Institute, May, 1949, has sur- 
eyed various steel products with respect 
» sulfur limits needed to meet quality 
-quirements and has indicated the man- 
ner in which the influence of sulfur is felt. 
n the evaluation of product quality, con- 
ideration was given to both rolling surface 
quirements and to the specific properties 
Jemanded for each end use. 

The data on which the paper is based 
ere obtained from 26 steel plants. A table 
given showing the average maximum 
lfur requirement for each grade and prod- 
ct considered, together with the property 
most generally conceded to be responsible 
or this sulfur limit and the average maxi- 
mum sulfur specified to steelmaking fur- 
paces. With the exception of drawing 
huality cold rolled sheets, welding quality 
od and a single special high tensile grade, 
e maximum sulfurs on the plain carbon 
rades required to meet surface and rolling 
equirements within the plant itself are 
ower than the values needed for the vari- 
us end uses. 

From other data obtained, it appears that 
mall variations in sulfur content can and 
robably do exert a significant effect on 
roduct quality. The small variations in 
pecified values often can hardly be justi- 
ed on the basis of the apparently limited 
formation available regarding the effect 
f sulfur on quality. The confused situation 
which the effect of small sulfur varia- 
ions does not seem satisfactorily defined 
5 particularly pronounced in the case of 
e commercially important steels for deep 
rawing applications. Unquestionably, fur- 
er work is necessary to establish the effect 
t sulfur on hardness, ductility and product 
erformance of the deep drawing steels. Be- 
ause of the high cost associated with the 
imination of a few thousandths of a per 
ent of sulfur as the specified limit for deep 
awing steels is approached, logical and 
liable data should be sought on which to 
Stablish specification. Such reliable in- 
Drmation could then be used either to 
low some relaxation of the present rigid 
lfur limits or to justify the higher steel- 
baking problems that would be involved 
meeting even lower sulfur limits. 
The data relating sulfur to quality vari- 
bles and the number of steels surveyed 
re obviously limited. The data can be 
ed, however, to demonstrate the general 
ature of present knowledge regarding this 
fttinent and practical problem, and also 
An serve as a basis for directing future 
xperimental investigations into the true 
ble of sulfur in the metallurgy of steel. 
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Electrolytic Polishing Studied for Improvement of Surface Properties 


In Europe considerable study is being 
made of the capabilities, limitations and 
possible uses of electrolytic polishing. The 
possibilities of using electrolytic polishing 
to obtain highly finished precision parts are 
explored by P. Michel in Revue de Métal- 
lurgie (French), Jan., 1949. At first glance, 
electrolytic polishing looked promising as 
an improvement over superfinishing. It 
was thought that the highly polished sur- 
face would be beneficial from the stand- 
points of friction and fatigue strength. 

A series of tests was made on piston pins. 
Despite the unusually simple shape, a long 
empirical investigation was required to de- 
termine polishing conditions that would 
give a strictly cylindrical piece. A combina- 
tion of conducting sleeves and non-conduct- 
ing screens finally gave the desired results. 
These fixtures, however, are not simple, 
and in mass production considerable set-up 
time would be needed. Since the metallic 
parts of the fixtures in electrical contact 
with the anode dissolve during polishing, 
frequent replacements would be required. 
On the other hand, the results are perfectly 
reproducible. 

The electrolytically polished surface was 
superior to honed and ground surfaces in 
respect to dry friction, but no difference 
was observed when a lubricant was used. 
The fatigue strength was about the same 
for electrolytically polished and for ground 
specimens. Therefore, electrolytic polishing 
is no sure guarantee of an improvement in 
physical and mechanical properties. 

The author concludes that the use of 
electrolytic polishing for finishing precision 


parts seems to have only limited applica- 
tion. In the discussion, however, the opin- 
ion was expressed that there are modern 
industrial polishing baths (no further de- 
scription) that give highly satisfactory re- 


. sults and that do not require the compli- 


cated fixtures found necessary in the au- 
thor’s perchloric—acetic acid solution. 

Additional French work on electrolytic 
polishing was reported by R. Mondon in 
Revue de Métallurgie (French), Dec., 
1948. The particular aim of this work was 
to determine whether electrolytic polishing 
would improve the frictior properties and 
wear resistance of engine parts. 

Four steels were tested after electrolytic 
and mechanical polishing: (1) hardened 
bearing steel; (2) a hardened, carburized 
nickel-chromium-molybdenum steel; (3) 
a medium carbon nickel-chromium-molyb- 
denum steel at two hardness levels; and 
(4) a nitrided chromium-molybdenum 
steel. The first series of tests was made 
under conditions of alternating movement 
against a lubricated tin bronze. The elec- 
trolytic polishing gave the most favorable 
results, both in regard to friction and wear. 
The least improvement was noted with the 
nitrided steel. The hardness of the steel had 
no apparent effect on the coefficient of 
friction or the wear in the 3-min. tests. 

The second series of tests was made with 
the same steels rotated against a standard 
steel under various conditiens of lubrica- 
tion. The results were evaluated on the 
basis of the friction at the moment of 
starting and the “factor of safety” (the 
difference between the friction couple at 
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PRE-MIXING AIR 
AND GAS 


Spencer is built in as 
part of the machine 


SPRAYING ORCHARDS 


Light enough to be portable. 
Rugged enough for the severest 
service 





PHOSPHATE FLOTATION 


Manufacturers of flotation and 
agitation equipment recommend 
Spencer 


DRYING YARN 


Air is drawn from and blown 
back through the work 


SPENCER VACUUM 


Portable and stationary sys- 
tems in sizes from 12 to 100 
HP are used for metal rec- 
lamation, conveying, and 
more than 100 unusual ap- 
plications in industry. 
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the moment of starting and that ar the 
finish of the test divided by the forme) 
The classifications on the two bases wer 
not in exact agreement, but the electroly. 
tically polished steels had a slight supe; 
ority in both cases (10 to 15% on th 
first basis and 30% on the second), 

It is not clear whether the advantag. 
produced by electrolytic polishing are ty 
results of its effect on the surface finish ¢, 
of a modification of the structure of ty 
superficial layers. 


The Trend Toward 
Low Temperature Porcelain Enamek 


One of the most radical changes thy 
promises to modify the present concept 
porcelain enamels is the trend towar 
lower-firing enamels, according to an artick 
by E. J. Kelley and G. E. Miller in Thy 
Enamelist, Spring, 1949. While they a 
not necessarily intended as replacements fo: 
the corresponding 1500 F enamels, the 
make possible the enameling of objects and 
materials heretofore not feasible usix 
temperatures as low as 1300 F. 

At the outset it was thought that sats 
factory bond could not be developed with 
out the use of special steels. However, i 
the present time many dark-color, low-ft 
finishes are commercially practical with 
nickel flashed, cold-rolled steel. 

In the field of titanium enamels there i 
now a 1450 F enamel which is equal ' 
the standard-fire enamels and has been ust 
successfully on refrigerator liners. It hs 
also been used successfully as oversptij 
over low temperature zircon. Also on th 
market now are zircon enamels simili 
in properties to conventional  zirc# 
enamels but with a 1450 F maturing tm 
perature. They have been used in produt 
tion with equal success over both conver 
tional high-speed ground coat ‘and a 14) 
F ground coat. 

In the range of 1300 to 1350 F sats 
factory ground coats are also available. 4 
nickel dip is necessary at present to obtal 
a good bond. The surface is good and cové 
coats can be applied over them satisia 
torily. 

Developed primarily for architectul 
use are low temperature, acid-resistant se™ 
matte finishes for both light and «a 
colors. Another widely used low tempé 
ture, direct-on-steel finish is a low-opad! 
antimony enamel. Most satisfactory res!" 


with this finish are obtained when !t° 
used over specially treated steel. When u% 


on these steels the bond is excellent and # 
dark browns and grays can be product 


One big potential use for low tempe® 
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ture enamels is on aluminum. The range 
of articles made of aluminum could be 


further increased and their performance 
further improved if it were possible to 
apply a tough, durable and abrasion re- 
sistant surface coating. The conventional 
vitreous enamels used on iron and steel, 
however, have firing temperature too near 
the melting point of aluminum. A critical 
study of the new development of low 
melting point enamels for aluminum has 
been made by J. C. Bailey and M. E. 
Whitaker in Light Metals (English), Mar. 
1949. 

Most of the work has been concentrated 
on lowering the melting point of existing 
enamels by the addition of lead com- 


} pounds, but a leadless glaze fusing at 1020 


F has also been evolved. Since some of the 
enamels withstand water quenching from 
the firing temperature, it is possible that 
their application might be combined with 
the heat treatment of hardenable aluminum 
alloys. 

Tests on seven enamels (one leadless) 
showed that all had much better resistance 
to thermal shock, heat and mechanical 
damage than stoved paints. The adhesion 
was excellent and their resistance to me- 
chanical damage was superior to that of the 
vitreous enamels used on steel; their. hard- 


B ness and abrasion resistance were rather 
® less, although considerably greater than that 


of stoved paints. Chemical durability and 
resistance to water, moisture and weather- 
ing were not very good. Resistance to acid 
and alkali was usually poor except for one 
of the lead-base enamels. Pigmentation of 
the lead-base enamels adversely affected 
some properties. The lead solubility of the 
lead-base enamels would preclude their use 


}in contact with foodstuffs. 


A subsequent commercial appraisal indi- 
cates that even at this early stage there is 
an immediate, if limited, field for their 
application. The leadless glaze is likely to 
attract special attention because of its greater 
hardness and resistance to moisture and 
abrasion; it should find many uses. Vitreous 
enamelled cast iron and steel must in the 
future reckon with direct competition from 
vitreous enamelled aluminum. 


Aluminum Clad Steel in Germany 


In Germany prior to the war, aluminum 
Clad steel was produced in appreciable 
quantities, amounting to about 500 tons 
Per month, according to an article appear- 
ing in Metallurgia (English), May, 1949. 
The materia] was marketed under the name 
of Feran and was used largely for such 
Products as diaphragms for telephones, 


Windings for flexible piping, and bands 
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Flux-Injection Cutting 
Solves Stainless steel 





fabrication problem 










Devere Switzer, Airco technical rep- 
resentative, was asked for his opinion. 
He suggested a relatively new process 
— Airco’s Flux-Injection method of oxy- 
acetylene cutting stainless steel. The 
necessary equipment was installed, and 
after a brief testing period was used on 
production work. Biggs engineers were 
well pleased with the results — the 


steel for their rotary digesters . 
found both to be slow and expensive. 


BIGGS BOILER WORKS COMPANY, 
of Akron, Ohio, manufacturer of pressure 
vessels for industrial use, were machining, 
or making melting cuts to shape stainless 


. but 


— 


smooth cuts were comparable to those 
obtainable in the gas cutting of mild 
steel. Further, little machining was 
required, and the whole operation was 
speeded up considerably. Moreover, and 
extremely important from Biggs’ view- 
point, it has enabled them to obtain 
additional orders for the fabrication of 
stainless steel products. 


TECHNICAL SALES SERVICE — ANOTHER AIRCO PLUS-VALUE FOR CUSTOMERS 
To assure its customers of high efficiency in all applications of the oxyacetylene 


flame or electric arc, Air Reduction has available the broad, practical experi- 


ence of its nationwide Technical Sales Division personnel. The collective 


experience and knowledge of these specialists has helped thousands to a more 


effective use of Airco processes and products. Ask about this Airco “Plus-Value”’ 


service today. Write your nearest Airco office. (In Texas: 
Products Company ... On West Coast: 


Maenolia Airco Gas 


Air Reduction Pacific Company.) 


REDUCTION 


GRO) Offices in Principal Cities 


Headquarters for Oxygen, Acetylene and Other Gases... Carbide...Gas Cutting Machines...Gas Welding 
Apparatus and Supplies ... Arc Welders, Electrodes and Accessories 
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eliminates time and 
expense of upholstered 
sub-assembly 


Yes, Ace hard rubber literally knocked the stuffings 


out of the arm for this chair. Formerly a padded, up- 























holstered metal stamping bolted to the chair frame, it’s 
now a one-piece, indestructible hard rubber molding, 
with leather-grain finish, and a feel that’s just right. 


What’s more, it’s assembled to the chair in a jiffy. 
You simply slide a headed insert into a slot, flex the rub- 
ber around the curve, and run up two screws from 
underneath. 


You too may find “a better way” in one of the many 
Ace hard rubber or plastics molding and extruding 
compounds. 










if you would like to know more about 
these Ace materials—where used—properties 
—design hints, etc., just write on your com- 
pany letterhead for the new free 60-page 
Ace Handbook. 
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for electric cables used in heating equip 
ment. 

The method of manufacture briefly ¢op. 
sists of a mechanical cladding operatic, 
followed by a thermal treatment so as » 
alloy the steel and aluminum in an jp. 
timate manner. The steel used was of deep 
drawing quality with the following cop. 
position: 0.06 carbon, 0.04 sulfur, 0,04 
phosphorus, 0.6% manganese, and trace 
of silicon. The aluminum used containe; 
from 0.6 to 1% silicon and 0.35% itop, 
The aluminum was cold rolled down p 
about 0.008 in., heat treated in coiled 
bands, rough brushed and then coiled 
special holders. It was then roll-laminate 
with the steel. 

The lamination must be done with th 3 
maximum possible elongation, and redy 
tion in one pass is at least a minimum of 
40%. The temperature required for a goo & 
lamination ranged from about 210 to 39 : 
F. After the laminating, the material ; 
further cold rolled to the final thicknes I 
The laminated strip is then heat treated 
at a temperature varying between 995 and 
1020 F. 
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Current Developments in Metals 
Discussed at Regional 
A. 1. M. £. Conference 


The Institute of Metals Division of th 
American Institute of Mining & Metallurg 
cal Engineers held their third annual ¢ 
gional conference in Springfield, Mas, 
April 22 and 23. A number of importatt 
papers of current interest were presented 


Brazing with Gaseous Fluxes 

A. P. Edson and D. G. Paquette d 
livered a paper on “Gaseous Fiuxes ‘0 
Brazing Steel.” The difficulty encounter 
in removing liquid fluxes from the wot 
plus the fact they were more or less cof! 
sive to the base metal, lead the authors © 
the development of gaseous fluxes. They 
found that hydrogen chloride vapor 
function, but outside the laboratory 
traces of moisture present permit corrosi0 
of the steel being joined. Although hya!? 
gen fluoride would work, ammonium ™ 
oride, bifluoride and polyfluorides welt 
simpler to handle and produced compara 
results. Ammonium fluoborate proved ' 
have superior fluxing activity while bo 
trifluoride was the most satisfactory g4S°™ 
flux reported. It was less toxic than the 
orides, available in high pressure cylindes 
did not sublime and clog exhaust lise 
from the brazing chamber, did not att® 





MATERIALS & METHOD! 
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the steel surface, fluxed more effectively, 
and produced the best joints. Although 
excellent for certain applications, gaseous 
fuxing is not a cure-all; it is relatively 
slow, extremely sensitive to contamination, 
and more expensive. 


Bonding Aluminum to Steel 

The combination of aluminum on steel 
is advantageous in many applications where 
special performance requirements must be 
met. One of the critical factors is, of course, 
the bonding strength, and V. W. Cooke 
and A. Levy discussed this in their paper 
"Solid Phase Bonding of Aluminum to 


Steel.” They pointed out that one of the 


chief precautions to a successful bond was 
to avoid a heavy oxide coating on the fer- 
rous material. This could be done by using 
stainless steel or chromium plating the low 
alloy steels. After bonding, a full solution 
treatment for the aluminum alloy is not 
permitted since this combination of time 
and temperature permitted enough diffu- 
sion to build up a sufficiently thick inter- 
metallic compound layer to be brittle. Bond 
strengths of from 20,000 to 50,000 psi. 
were possible, and bonding could be ac- 
complished at as low a temperature as 550 
F where little upsetting under the pressures 
used was noted. 


Titanium 

The current high interest in titanium 
metal was reflected by the paper “Metallo- 
graphy and Properties of Commercially 
Pure Titanium,” by W. L. Finlay and E. L. 
Wemple. Two interesting facts were noted: 
(1) that titanium changes from hexagonal- 
close-packed to body-centered cubic above 
1620 F, and (2) that titanium twins me- 
chanically when deformed at room tempera- 
ture. The latter required care in removing 
the affected surface immediately below the 
scratches produced in the early metallo- 
graphic polishing steps before final polish- 
ing. 

Titanium is intermediate between alumi- 
num alloys and stainless steel in specific 
gravity, about equal to them on a strength- 
weight ratio, has a higher melting point 
than either, and has twice the annealed 
yield strength of 18:8. The paper listed 
possible applications for titanium as fol- 
lows: airframe skins and structures where 
intermediate temperatures of corrosion 
problems are encountered, and _ aircraft 
power plants where temperatures between 
00 F and 800 F are involved and naval 
of marine applications combining superior 
Corrosion resistance and light weight; in- 
dustrial equipment and other applications 
in which a combination of light weight, 
Corrosion resistance, high strength and in- 


termediate temperature properties are re- 
quired, 
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Alodizing Reynolds 





Lifetime Aluminum 
sheets, building 
siding, and refrig- 
erator crisper 
pans at the Louisville 
Plant of the Reynolds 
Metals Company. 





<— 


Alodizing Reynolds 
Lifetime Aluminum 
coiled sheet at the 
McCook Illinois Plant 
of the Reynolds 
Metals Company. 


FABRICATORS NOW SPECIFY 


HMlodized ‘ 
ALUMINUM 


Alodized aluminum has proved its value 
to metal fabricators through its wide- 
spread use and acceptance in industry. 
Now, manufacturers of aluminum are 
Alodizing on a huge scale right at 
the mill. 


Alodized aluminum coil and sheets are 
available to fabricators everywhere— 
a great convenience for plants lacking 
facilities for properly treating aluminum; 
and a great cost saver from both the time 
and equipment standpoint. 


Insist on Alodized aluminum for your 
own metal products. 


*“ALODINE" Trade Mark Reg. U. S. Pat. Off. 





FOR THE UTMOST IN 
PRODUCT DURABILITY 
AND FINISH ADHESION 





CHEMICALS 


PROCESSES 





RUST PROOFING AND 
PAINT BONDING 
Granodine * 
Duridine * 
Alodine * 
Lithoform * 
Thermail-Granodine % 


RUST REMOVING AND 
PREVENTING 


Deoxidine * 
Peroline % 
PICKLING ACID INHIBITORS 





Rodine * "/ ®) 


Pioneering R esearr! 2 kind Developabnt aA ce 1914 


AMERICAN CHEMICAL PAINT COMPANY 


| AMBLER; 


inn ae 


| PA, 


saa 


Manufacturers of Metallurgical, Agricultural and Pharmaceutical Chemicals 
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There's Magic 
ita Microinches! 


aN 





Measures surfa 
ret Microinc 
quickly, accu 


LOMETER 


rately, 


LIKE THE PERFORMANCE of a 
skilled magician, the savings 
made possible through 
microinch roughness meas- 
urement are downright 
amazing—till you know how 
it’s done. For instance— 








In hundreds of plants the 
Profilometer is reducing sizing and finishing time— 
saving time in setting up for duplication of long and 
short runs—eliminating rejects by providing closer 
DIMENSIONAL control—and permitting longer tool 
life, with more consistent finish. 


That’s admittedly a pretty strong statement—yet it’s 
backed to the hilt by practical shop men throughout the 
industries where machining, grinding and finishing 
operations are performed. 


We'll be glad to take you “behind the scenes” and show 
you how these results are obtained. Simply write for 
informative literature—or arrange for a demonstration 
in your plant. 


Profilometer is a registered trade name 


/ A are esi CONTROL, INSTRUMENT : 
y Ke PHYSICISTS RESEARCH COMPANY 
J ANN ARBOR ° EE 
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Sintered Platinum Powder Parts 
with Improved Properties 


In the past no essential difference hy 
been noted between the physical propertie; 
of sintered pure platinum and cast pu 
platinum. In a paper in the Journal of th, 
Institute of Metals (English), Mar. 1949 
A. B. Middleton, L. B. Pfeil and E. ¢ 
Rhodes show that there are definite diffe. 
ences in favor of the sintered pure plat. 
num. 

By sintering and hot working a fix 
powder compact of pure platinum at ; 
temperature considerably below its melt 
ing point, and then following this by sever 
cold drawing to wire, the fibrous structure 
of the wire was found to remain, even 
when heated to temperatures well aboy 
the recrystallization temperature of wir 
produced from melted, cast, and similar) 
worked pure platinum. 


This increased stability of the fibrow 
structure in sintered platinum wire is du 
to a small amount of suitably dispersed 
porosity, which has the effect of hindering 
recrystallization. The sintered platinum 
wire has greater resistance to elongation 
under tension at high temperature, and 
greater resistance to intergranular corr 
sion, than wire from melted and cast plat 
num. 

There are many practical applications 
where a metal such as this containing 
suitable dispersed porosity is desirable and 
where improved mechanical properties an 
resistance to deterioration at high tempeti- 
tures are also required. Examples are the 
elements of resistance-heated furnaces, elec 
trodes for spark plugs, thermocouples, 
valve electrodes, and excess-temperature 
fuses. In airplane engines, it is advantage: 
ous that the spark plug electrodes made 
from platinum alloys retain the fibrous 
structures originally present in the cold: 
drawn wire in order to minimize the em- 
brittlement produced by  intergranulat 
penetration of lead from the fuel. 


Corrosion Resistance of Titanium 


Sea-water test data obtained on the new 
metal titanium, by Remington Arms ©. 
Inc., shows that it is practically unaffected 
by exposure to sea-water of marine atmos 
phere. The tests were conducted on * 
comparative basis with other common met 
als such as stainless steel and aluminum 
None of these standard metals approache¢ 
the corrosion resistant properties of titatr 
um in sea water. 

The sea-water corrosion resistance of this 


MATERIALS & METHODS 














IMPORTANT ANNOUNCEMENT 












Parts new material, possessing a high strength- 
to-weight ratio is, naturally, of interest to 
aS aircraft, marine and allied construction in- 
dustries. Moreover, the ability to resist 
ence has corrosion by sea-water is a desirable prop- 
ropertics erty for any metallic material of con- 
ast pure struction. 
al of the In these tests the specimens are frequently 
ir. 1949 wetted by salt mist and spray. After 120 
id EB. ¢ days’ exposure, titanium appeared unaf- 
te differ. fected although other comparable metals 
ire plat. developed corrosion and rust. | 
» In addition to its resistance to sea-water | 
ya fin corrosion, titanium indicates very low cor- | 
1m at ; Mee rosion rates in a number of reagents nor- 
its melt mally considered corrosive to most metals. 
by severe Wet chlorine gas, hot chromic acid and 
structure = hot ferric chloride solutions are not cor- a ee 
in, even Me rosive to titanium. Complete immunity rough machined stainless to users oF 
I! abeve He from corrosion by water-saturated chlorine forgings: large piece in 


7 background is 5” thick x 


of wite Mie gas and chlorine saturated water is believed 184,” x 24>” with 5” 

similar! pS be one of titanium’ ; — dia. hole in center. Type 

similar gg nium’s most outstanding Sie, sere case 2a 
§ properties. Tests indicate titanium should i 


Ibs. Forgings in  fore- 





» fibrous be an excellent material for handling chlor- = — = 
e is due ine gas. duced in Carlson plant. e oO af G | ee G s 
dispersed 
Lindering 
ae G. O. Carlson, | i lled * I" stainless steel rough 
ongation Je New Method for ] arlson, Inc. supplies so called ‘‘unusual’’ stainless steel roug 
~ ge iti j machined forgings as a routine quality product. 
¢ coo J Deposition of Metals on Aluminum 
ast plat ¥ : 
Electroplated coatings on aluminum have 
licast assumed an important place among the 2 Carlson specialized materials and techniques offer real advantages to 
, hnishes for this metal, because the light 
rer: weight and low cost of aluminum are com- our customers—savings in money and in production time. 
able ani BP bined with the specific desirable properties 
EUS = S of the plated coating. A new process has 
oa pd now been developed for depositing zinc, 3 Carlson forgings are available in practically any size and dimension, in 
cadmium and tin by chemical displacement 
ces, ele upon aluminum. It is described by S. Hei- the widest range of stainless analyses. 
ocouples man in a paper appearing in the Journal | 
oem of the Electrochemical Society, May, 1949. 
ro 1 The immersion deposits have sound 4 Carlson stainless steel in all analyses, is produced to chemical industry 
Ba structure and such a high degree of ad- 
fibrous hesion to the aluminum that they can be standards—your assurance of peak performance in service. 
he cold: used as a base for subsequent electrode- 
the od position of other metals. The bond between 
aaa the zinc immersion deposit and the alumi- Try G. O. Carlson, Inc. on your next order for stainless steel forg- 
num, for example, was found to be greater 
than the cohesive strength of the aluminum ings and enjoy the benefits which our specialization makes possible. 
base metal. 4 ; Prompt attention will be given your inquiry or order. 
anium 5 The solutions used in the process consist 
f of the metal sulfite, hydrofluoric acid, or a 
the new He fluoride salt and, in specific cases, organic 
rms Co, MM addition agents. For example, the preferred 
naffecte’ Hy COMposition and conditions for depositing 
e atmos q zinc by immersion are as follows: zinc 
d on 4 MM sulfate, SN; hydrofluoric acid, 1N; time of 
1on met He dip, 30 to 60 sec.; temperature, 77 F. , INC. 
iminum Tage new procedure involving the zinc ‘ 
roached lm appears to be at least equal in quality od 
f titan and simplicity to the caren alia Also, | Stainless Steels Exclusively 
the immersion deposits of tin have better | 200 Marshalton Road, Thorndale, Pa. 
e of this adhesion to aluminum than those obtained | PLATES e FORGINGS e BILLETS ¢ BARS e SHEETS (No. 1 Finish) 
. by the commercial stannate process. Warehouse distributors in principal cities 
HOD: 
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WILCO THERMOMETALS (thermostatic 
bimetals) are at the heart of many elec- 
trical devices that are at the heart of 
everyday living. They are at the heart 
of the electric blanket, the room thermo- 
stat, gas or electric water heater, the 
electric toaster and the electric refri- 
gerator. They perform in the carburetor, 
the cigaret lighter as well as in many 
instruments of automobiles. 


IN MANUFACTURING PLANTS, Wilco 
Thermometals in circuit control and pro- 
tective devices (such as circuit breakers, 
motor starting relays, overload cutouts 
and voltage regulators) enable pro- 
duction equipment to meet the highest 
standards of performance. Wilco 
Thermometals reliably activate me- 
chanical devices, such as automotive 
chokes, draft controls, gas safety pilots 
. « « Heating Devices—electric coffee 
makers, electric flat irons, blankets, 
toasters, gas and electric ovens, re- 
frigerators . . . Instruments—pressure 
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gauges, demand meters, thermometers, 
thermostats. 


FUNCTIONS ... Temperature Indication, 
Control, Compensation, Sequence Con- 
trol and many others. Temperature 
ranges of maximum sensitivity from 
— 50° to 800° F and a wide range of 
electrical resistances. Shapes include 
strip, straight cantilever blades, U- 
shapes, spirals and helices ... or as 
parts of assemblies. 


WILCO THERMOMETALS reflect in quality, 
precision and dependability the H. A. 
Wilson Company's 34 years of speciali- 
zation and outstanding achievement in 
the metallurgical field. WILCO engi- 
neers will gladly help you adapt WILCO 
products to your individual requirements. 


WILCO PRODUCTS INCLUDE: THERMO- 
STATIC BIMETALS: All temperature 
ranges, deflection rates and electrical 
resistivities. ELECTRICAL CONTACTS: 
Silver, Platinum, Tungsten, Alloys, Sin- 




















At the Heart of every-day living. 
Me Maniactvrer! 








tered Powder Metal. SILVER CLAD 
STEEL: For industrial use. NI-SPAN C’* 
Constant Modulus Alloy; JACKETED 
WIRE: Silver or Steel, Copper, Invor 
and many other combinations. SPECIAL 
ALLOYS: including high conductivity, 
high strength Copper Alloys. ROLLED 
GOLD PLATE AND GOLD FILLED WIRE. 


*Reg. Trade Mark, The International Nickel Co., Inc. 


THE H. A. WILSON COMPANY 
105 CHESTNUT STREET, NEWARK 5, NEW Jersey 
Branch Offices: Chicago, Detroit, Los Angeles, Providence 





TRADE MARK 


Specialists for 35 years in the manufacture of 
Thermometals « Electrical Contacts « Preciov' 
Metal Bimetallic Products and Special Alloy’ 


MATERIALS & METHODS 





New Materials and Equipment 
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New Design in Muffle Furnaces Improves Performance 


A new design in muffle furnaces has 
been announced by the Hevi Duty Electric 
Co., Milwaukee 1, Wis. The furnaces have 
been designed primarily for general labora- 
tory requirements, such as drying of pre- 
cipitates, ash determinations, fusions, igni- 
tions, heating metals and alloys, enameling 
ind ceramic firing, heat treating, and for 
general experimental work. 

Departing from the usual rectangular 
shape, the new furnace is housed in a cylin- 
drical shell mounted on a pyramidal type 
base with practically line contact between 
hem, thus allowing free circulation of air 
and eliminating trapped heat in the base. 

Among the many improvements cited 
are: (1) Instruments and controls at ap- 
proximately room temperature; (2) im- 
proved insulation design; (3) there are 36 





This newly designed furnace uses cylindrical 


shape shell. 


JULY. 


steps of control; (4) recessed position of 
controls affords full protection; and (5) in- 
struments are easily accessible through re- 
movable panels. 


Allyl Starch Makes Tough 
Flexible Finish 


Allyl starch is now available in semi- 
commercial quantities, according to the 
General Mills Research Laboratories, Gen- 
eral Mills Bldg., Minneapolis, Minn. Allyl 
starch, which was originally developed by 
the Eastern Regional Research Laboratory 
of the U. S. Department of Agriculture, is 
an unsaturated starch ether containing ap- 
proximately 1.7 allyl groups per glucose 
unit. It is soluble in alcohols, ketones, esters, 
halogenated hydrocarbons, nitroparaffins, 
ethers, toluene, Hi-flash aromatic naphthas, 
and in other aromatic hydrocarbons when 
a small amount of a hydrogen bond-forming 
solvent is present. Allyl starch is normally 
insoluble in aliphatic hydrocarbons; how- 
ever, these hydrocarbons can be used as 
a diluent when the mixture contains a small 
percentage of high boiling active solvent. 

As a baked lacquer or enamel, this new 
formulation has produced hard, tough and 
flexible as well as water-resistant films. 
Normally, the compound will bake to a 
hard, durable, solvent resistant coating in 
90 min. at 230 F or 45 min. at 255 F, 
but its baking time can be shortened to 
1 or 2 min. at higher temperatures. 

Since its introduction, allyl starch has 


found a place in such industrial products 
as printing inks, specialty adhesives, over- 
print varnishes and heat-resistant oven 
finishes. The heat resistance of allyl starch 
has created interest in the product for 
finishes on automobile exhausts, automobile 
and diesel engines, steam radiators, oil 
refinery equipment, and metal smoke stacks. 

As an overprint varnish, allyl starch, 
which dries quickly, has formed hard, 
glossy films. Because these films are re- 
sistant to solvents, acids, soap and water, 
they have been used successfully as a coat- 
ing for beer cans. 

In coatings, for industrial and marine 
equipment, allyl starch compositions con- 
taining pigment or metal, such as aluminum 
powder, have produced hard films with 
high lustre and excellent resistance to 
solvents and high temperatures. Allyl starch 
coatings have remained on the inside of 
high-temperature baking ovens for more 
than 90 days without showing signs of 
deteriorating, yellowing or blistering. Other 
allyl starch coatings have survived long 
periods in standard salt cabinets, where 
they were exposed to continuous and in- 
termittent sprays of 20% sodium chloride. 


@ Alloy Rods Co., York, Pa., has an- 
nounced two new developments—a new 
a.c.-d.c. stainless electrode, and a new all- 
steel, moisture-proof and grease-proof elec- 
trode container. The new container is said 
to simplify stock problems and eliminate 
moisture damage to electrodes. It comes in 
5- and 10-lb. sizes, designed to hold just 
the right amount of electrodes for typical 
welding jobs. 
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New Materials and Equipment 


(CONTINUED) 





Tube Flaring Machine Built for Large Diameter Stock 


A new tube flaring machine that has a 
capacity for flaring, flanging, squaring and 
burring, either ferrous or nonferrous tubing, 
lg to 5 in. in dia., has been developed by 
the Leonard Precision Products Co., Garden 
Grove, Calif. Adaptors are furnished with 
this new model Tubemaster so that present 
users of the smaller capacity machine can 








utilize their present tools and dies. Where 
required, tooling is also available for bead- 
ing operations. 

The new model is powered with a 2-h.p. 
motor and varispeed drive, which gives a 
very wide range of from 70 to 550 
rpm., for the handling of a variety of 
materials. 






























Here shown is the new tube flaring machine, a typical flaring job done on it. 


Tester Determines Micro Hardness of Minute Particles 


A new tester for micro hardness testing 
has been announced by Kent Cliff Labora- 
tories, Peekskill, N. Y. Known as the Ken- 
tron Micro Hardness Tester, it is the first 


tester to apply accurately dead weight loads 
as light as 1 gm., for use with either the 
Knoop indenter or the Vickers type in- 
denter. 








This method of applying a 1-gm deat 
weight load makes possible micro hatdoes 
testing of minute particles, inclusions, oe 
stituents, thin metals, transition zones 4 
welds, wire, foil, ceramics, glass, name 
plastics and jewels, both natural and 
thetic. 

The tester is a bench type instrumen, anf 
is hand-operated to eliminate instrumen, 
operating vibration. An adjustable ojj dash 
pot, for controlling the speed of load ap. 
plication and time of load retention, ; 
easily adjusted to suit specific testing te 
quirements. A specially built mechanic) 
stage consisting of three basic parts—th 
stationary plate, transfer plate and specime, 
block—provides means for positively loca. 
ing and positioning the exact area of th 
test specimen underneath the indenter 4p; 
microscope. 

Dead weights for applying loads of | , 
1000 gm. and the most up-to-date Optica! 
measuring equipment are supplied as stanj. 
ard equipment. 































@ Western Felt Works, Chicago, has a 
nounced that it has gone into production 
on a new material, Westsorb, developed : 
eliminate vibration on all types of m 
chinery. Advantages are the elimination 

floor bolts to anchor machines, ease o 
mounting, and ease of relocating machines 
and production lines. Westsorb is available 
in three densities and 4-, 34- and 1-ir 
thickness to satisfactory mount any machine 
It is made from specially selected, uniform) 
blended wools. 


New Process Bonds Dissimilar 
Materials 


A process for bonding dissimilar ms 
terials in parts designed to withstand high 
lateral or internal hydrostatic and aero 
static pressures has been developed }j 
Western Sealant, Inc., 9091-3 W. Washing: 
ton Blvd., Culver City, Calif. It is a batch 
immersion method, primarily for bonding 
plastic or neoprene to metals, or ferrous t 
nonferrous metals, as in bushings or insetts 
used in aircraft, electronic, oil tool, 0 
hydraulic equipment industries. 

In addition to bonding, the process als 
eliminates microporosity by impregnation 
with the bonding agent, which has a wic 
range of resistance to operational tempeté 
tures and chemical solvents. Finished patts 
show no visible signs of treatment, anc 
anodized, plated or machined areas are 00 
affected. 

Such dissimilar materials as glass © 
metal, neoprene to metal, plastic to metal, 
steel inserts in aluminum, aluminum © 
aluminum, and brass to aluminum hav 
been bonded by this process. At present, 
parts are being processed only at the 
Western Sealant plant, but equipment rane 
ing from bench size to large production 
units is available. 
















MATERIALS & METHODS 
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The modern Gar Wood Load & Packer for garbage and rubbish. 





1949 




















The high corrosion-resistance and dura- 
bility of N-A-X HIGH-TENSILE makes it 
ideal for use in garbage disposal trucks 
and similar applications. Another reason 
why industry is rapidly changing to 
N-A-X HIGH-TENSILE. 


GREAT LAKES STEEL 
Couporation 


N-A-X Alloy Division e¢ Detroit 18, Michigan 
UNIT OF NATIONAL STEEL CORPORATION 
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Fo LOWEST COST 


Where Performance Counts — 


ook to BERYLLIUM-COPPER 


Dollar-conscious designers are saving money by considering the following 
factors which influence the over-all cost picture. 


@DESIGN — Beryllium-copper’s high strength makes possible smaller parts and 
lighter sections. This means important cost savings through smaller units, 
increased sensitivity and added flexibility of design. 


eFABRICATION — Through heat-treatment beryllium-copper offers economies 
in fabricating severely formed parts requiring good strength. Parts are readily 
machined or formed in the unhardened condition, then hardened to maximum 
properties by a simple, low-temperature heat-treatment followed by uncon- 
trolled cooling. For example, annealed BERYLCO 25S strip withstands the 
severest forming and reaches an ultimate tensile strength of 175,000 psi after 
heating for three hours at 600°F. Where less forming is required, cold-rolled 
tempers give correspondingly higher tensile values. 

Also, absence of grain direction in moderately cold-worked strip permits ef- 
ficient use of stock. 


eINSPECTION AND ASSEMBLY — Uniformity of parts over large production runs 
reduces rejects and inspection costs, permitting spot checking instead of 100% 
inspection. Where necessary, fixture hardening insures dimensional control 
to a degree not otherwise obtainable and eliminates expensive hand adjust- 
ment during assembly. 


@ MAINTENANCE — Positive action as measured by resistance to relaxation and 
drift offers savings through less frequent calibration and reduced labor charges. 
These features are of particular significance in contacts, diaphragms and in- 
strument springs. The stability of beryllium-copper prevents loss of tension in 
electrical contact springs, the cause of frequent adjustment in the field. 


@REPLACEMENT — High elastic and endurance strength, together with excellent 
resistance to corrosion and wear, means longer life with increased efficiency 
through fewer breakdowns, preventing disruption of vital services. In addi- 
tion, part failure may lead to replacement expense many times greater than 
the expected saving through specifying a cheaper material. This is particularly 
true for cams, springs, bushings and similar inconspicuous parts on whose 
faithful service depends the continuous operation of complex machinery. In 
such applications, beryllium-copper frequently offers the lowest cost answer. 


Write today for literature, or if you have a design problem 
send us full information with a drawing or sample of the part. 


Tie BERYLLIUM CORPORATION 














BRERYLLIUM 
: : Dept. 5, Reading 3, Pa. 





New Materials 
and Equipment 


New Welding Developments 


Arc Welding Generators 

A new series of a.c. and d.c. welding gen: 
erators has been announced by the Milley 
Electric Manufacturing Co., Appleton, Wis 
These new models are available either , 
engine driven or electric motor driven units 
The d.c. models are available with a weld. 
ing current range from 30 to 400 amp., an; 
the a.c. models from 15 to 300 amp. 


One of the new series of Miller Weldin; 
generators. 


Both the a.c. and d.c. generators hav 
dual controls, separate excitation, instao- 
taneous voltage recovery, and easy arc start 
ing. The engine driven a.c. models (models 
AEA-250 and AEL-250) are available with 
built-in high frequency for  inert-gas 
shielded arc welding. 

In the motor driven units—both a.c. and 
d.c.—the motor is a squirrel cage type with 
cast aluminum rotor, across the line starting, 
and operates on either 220 or 440 v. The 
motor driven a.c. and d.c. models are avail: 
able either stationary or with a steel wheeled 
running gear for portability. 


Welder for Light Gages 

A small arc welder, operating off a 110- 
light circuit is now available from the 
Lincoln Electric Co., Cleveland 1, for t¢ 
pairing and fabricating in light gage metals 

With a maximum output of 60 amp., the 
Lincwelder 60 can be used for a variety 0! 
light gage metal working jobs, as well 
for joining heavier material such as strap, 
pipe tubing, angle and other shapes. Th 
unit can also be used for cutting meta 
soldering and making wire connections 
brazing, heating for bending and, with 4 
small rectifier, for battery charging. Fo! 
repairs and fabricating in sheet metal ' 
offers a method of welding, soldering 4% 
brazing that is said to be faster, easier an? 
better than convention methods. Arc weld- 
ing reduces distortion difficulties in welding 
metal as thin as 20 gage. The welder oP 


MATERIALS & METHODS 
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The trained hand of Hassall offers you: 
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HASSALL cold-heading may solve your immediate special part 
problem... Special nails, rivets and threaded parts made in diam- 
eters from 1/32” to 3/8”—lengths up to 7”... Rivets 3/32” 
diameter and smaller a specialty...also small threaded blanks 
...Variety of metals, finishes and secondary operations ...Econ- 
omy, quality and quick delivery in large or small quantities... 
Your inquiries answered promptly...ASK FOR FREE CATALOG 
...3-color DECIMAL EQUIVALENTS WALL CHART free on request. 
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wuats NEW ™ 
NUBURN Plastics 





—_> 


Flashlight reflector 
produced for National 
Carbon Company, Inc. 





A Perfect Plastics Application: 
Better Performance — for Less 


Two new “Eveready” spotlights now use plastic reflectors produced 
by Auburn. The molded reflectors, finished with vaporized alumi- 
num, produce a better “spot” than metal reflectors. The projected 
light spots are brighter, uniformly round, and evenly diffused. The 
sturdy reflectors resist severe abuse and, being thermo-setting, 
maintain accuracy of contour under extreme conditions. 


A. The reflector is molded from a special “Bakelite” phenolic 
compound developed for the application. Under a vacuum and high 
temperature, the highly reflective aluminum coating is deposited 
on the inside cup section, requiring none of the finishing needed on 










eered Plastics 


die-cast reflectors. 


B. Although reflector surface and lamp-seat 
tolerances are close and there is an internal 
thread, the parts are molded automatically 
on one of Auburn’s rotary machines. The 
material is hopper-fed and the molded parts 
automatically unscrewed from the 20-head 
hydraulic machine. 
Successful solution of the problems in- 
volved in the proper design and production 
of this piece is typical of the “know-how”’ 
Auburn has developed in 73 years of ex- 
perience. 

Whenever you have a problem in plastics, 
write or call Auburn Button Works, Inc., 
410 McMaster St., Auburn, N. Y. 


COMPRESSION, TRANSFER AND INJECTION MOLDING, 
AUTOMATIC ROTARY MOLDING FOR MASS PRODUC- 
TION, EXTRUDED VINYL OR ACETATE TUBES AND SHAPES, 
MOLD ENGINEERING AND COMPLETE MOLD SHOP 


~~ Auburn Button Works, Inc. 


MOLDERS 
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New Materials 
and Equipment 


This Lincoln welder weighs only 50 lb. 


erates off the standard 110-v. light circuit 
fused for 30 amp., and weighs approxi- 
mately 50 Ib. It cam be carried by its 
handle, plugged into the nearest light socket 
and used wherever it is needed. 


Portable Arc Welder 

A newly designed double duty welder has 
been placed on the market by the Ewtectic 
Welding Alloys Corp., 40 Worth St., New 
York 13. This standard 200-v. machine 
has stepless control for adjustment of cur- 
rent and can be used to weld on light and 
relatively heavy gage materials. 

The welder is mounted on casters, which 
permit transportation around the shop from 
one job to another. Its overall dimensions 
are 17 by 17 by 32 in. Its amperage selector 
control of current allows selection of small 
amounts of current, ranging from 20 amp. 
to 285 amp. Other features claimed ate: 


% 
Lol 
~ 





This Eutectic portable welder is useful im 
small shops for fabrication and repatr ork. 


MATERIALS & METHODS 
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WE TAKE OUR 
RESPONSIBILITY SERIOUSLY 
a 
THE DOEHLER-JARVIS CORPORATION is the world’s 
largest producer and finisher of die castings. That 


record has been built on four basic principles — 
QUALITY + INTEGRITY - DEPENDABILITY + SERVICE 
Recognizing the responsibility that goes with our 
leadership in the die casting industry, we are dedicated 
to build our future on those same basic principles. 


H. H. DOEHLER 


CHAIRMAN OF THE BOARD 
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DURASPUN 


SCREWPCONVEYOR 


. because it’s 
properly alloyed 















. because it’s 
centrifugally cast 














ae Castings 
can be more than con- 
ventional piping. Almost 
any roughly cylindrical shape | 
can be cast centrifugally provided 
a straight hole through the center is 
allowable. In the casting machine the 
molten metal is thrown outward, making 
it impractical to cast solid. 


This Duraspun Screw Conveyor is typical of the . 
unusual castings produced in our centrifugal casting : 
department. On straight piping, ovr machines are 
capable of turning out pipes ranging in 2'2” to 31” OD 
and, according to diameter, up to 15’ long. 


If you are interested in superior castings — more uniform, denser and 
pocket-free castings — order centrifugal castings. Write us about your 
requirements and we'll recommend the proper alloying elements to 
meet your corrosive, high temperature, abrasive conditions. 


THE DURALU SY COMPANY 





F. O. NELSON 
1743 McCormick Building. Chicago, Illinois 
METAL GOODS CORP.: St. Louis - Houston - 


Detroit: 
F. B. CORNELL & ASSOCIATES 
Dallas - Tulsa - New Orleans - Kansas City 


7-DU-3 
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New Materials 
and Equipment 


easy starting, stable arc characteristics, Joy 
spatter loss. It accommodates electrode 
from 1/16 to 1/4 in. in dia. 


New Electrodes 

Improvement in performance of swivel 
type resistance welding electrodes is said tp 
be possible with a new design by P, R 
Mallory & Co., Inc., Indianapolis, Ind, |p 
the new design, the water hole is drilled 
completely through the shank, bringing 
cooling water directly im contact with the 
swivel head. Tests indicate a stabilized op. 
erating temperature of 200 F for the ney 
unit, compared with 630 F for the earlie 





Interior view of the Mallory electrode. 


design. This reduction is said to materially 
increase the life of the swivel tip and e0- 
ables it to produce more sound welds of 4 
higher strength. 

Two new electrodes have been announced 
by the Hobart Brothers Co., Troy, Ohio. 
The one, designated Hobart No. 313, is 4 
Class E-6013 electrode designed for making 
short, intermittent welds at high speed 0 
all gages of steel in any position using 
either a.c. or d.c., straight or reverse polar 
ity. The arc can be easily started and ft 
started without scraping or hitting the elec 
trode against the work surface. The tenden 
for this type of electrode to stick to th 
work piece has been eliminated in this ele 
trode. It is available in 12-in. lengths " 
3/32 in. only and 14-in. lengths in ! 
5/32 and 3/16 in. sizes. 

The other electrode, Hobart No. 384, ' 
of the Class E-6020 type. It is designed fo 
making high-speed tack welds on hea 
weldments without the necessity of breaking 
the excess coating from the end of th 


MATERIALS & METHODS 
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NOW AVAILABLE ««-« this New, Complete Guide 


for Users of Industrial Chemicals 


Once again General Chemical of- 
fers its outstanding Products Book 
... an invaluable reference and 
guide for every buyer of industrial 
chemicals and those who direct 
| their use in research and manufac- 
ture. 

Here are 176 pages packed with 
facts and figures on the products 
| which General Chemical produces 
| for the process indus- 
| tries. It gives pertinent 
data on their physical 
properties, uses, pack- 
aging, shipping regula- 
tions, etc. Also covered 
are General’s new or- 
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BASIC CHEMICALS 


FOR AMERICAN INDUSTRY 


ganic chemicals for industry and 
agriculture as well as its broad and 
varied line of fine chemicals for 
process use. 

As in the past, the reader has an 
extensive “reference section” to 
draw upon for technical data. At 
his finger tips are 65 pages of 
tables, charts and factors of lasting 
practical value .. . many of which 
are not available else- 
where! Included, too, is 


the latest comprehensive informa- 
tion on handling and storing major 
industrial chemicals. 

Every qualified buyer or user of 
industrial chemicals should have 
the General Chemical Products 
Book on his desk. You will refer to 
it continuously . . . and you will 
come to depend upon it for authen- 
tic information. For your copy, 
send request on your business 
letterhead to: 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 


OPFICES IN 


40 Rector Street, New York 6, N. Y. 
PRINCIPAL 


cCivies 












| ONE SURE STEP 


| 
Superior 


seb to guard against 


== CORROSION 








YIN 
I" MONEL’’ 
! TUBING 





Diesel engine manufacturers who use Superior ‘“Monel’”’ 


tubing for lubricator lines on cylinder liners, are taking a long stride 





toward dependable performance. Lubricator lines are small and vital; 
positioned as they are in a water jacket, they must withstand the cor- 
rosive effects of both oil and water. Selection of Superior ‘‘Monel”’ 





tubing—with its clean, non-pitting surface, its controlled ductility for | 
ease of fabrication, its assured high strength—is one important way | 
to eliminate tubing failure. 

Consider—in addition—these important characteristics of 
Superior “Monel” tubing: 


@ Resistance to vibration and fatigue—even in varying temperatures. 


® Workability—ease of machining—Superior “Monel” tubing can 
be brazed, welded and soldered. 


@ Economy—the tubing can be worked without resorting to frequent 
and costly intermediate anneals. 
You are invited to make full use of the Laboratory and 
Engineering Department facilities at Superior and take the one sure 


step toward satisfactory tubing performance. 


olol” 


SUPERIOR TUBE COMPANY 


2006 Germantown Avenue - Norristown, Pa. 


For Superior Tubing on the West Coast, call PACIFIC TUBE CO. 
5710 Smithway St., Los Angeles 22, Cal. © ANgelus 2-2151 
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and Equipment 





electrode each time the arc is started o, 
restarted. It will be found that in moy 
cases a mere touching of the end of th 
electrode to the work piece is sufficient » 
restart and maintain the arc. The coating 
has sufficient dielectric strength to withstand 
scraping against the work piece or grounj 
without arcing through. This electrode ; 
also good for scrap cutting with the elect; 
arc. It is available-in 14-in. lengths in \%. 
5/32- and 3/16-in. sizes and 18-in. lengths 
in -in. size. 


Inert-Arc Electrode Holders 

Six new electrode holders for the iner. 
gas-shielded arc process, one for machine 
welding and five for manual welding, hay 


'@ been announced by the General Electr 


Co.’s Welding Div., Schenectady 5, N. \ 
The manual holders are available in 100. 
200-, 400- and 800-amp. ratings, and th 
holder for machine welding in ratings o 
400 and 800 amp. 

The new electrode holders for manual 
welding are: a 100-amp. air-cooled mode! 
with spring-type collets, metal nozzle, and 
gas-tight, heat-resistant gasket; 200- and 
400-amp. water-cooled models with spli- 
copper collets, ceramic nozzles, and ga: 
tight, heat-resistant gaskets; a 400-amp 
model with integral water-cooled met: 
nozzle, furnished with tips of two ori! 
diameters; and an 800-amp. model 
nished with one electrode assembly for ea 
size listed and with three water-cooled met 
nozzles, one for 5/16- and %%-in. electrode 
one for 7/16-in. electrodes, and one ! 
l4-in. electrodes. 

For machine welding the new 400-am; 
water-cooled electrode holder comes fu 
nished with one piece of each size 
tungsten and one set of collets for ea 
size. With this holder the electrode can be 
adjusted while welding, and both the ele 
trode and collets can be changed without 
removing the nozzle, 


Multiple Electrode Resistance Welder 

A 16-gun multi-speed resistance weldet 
has been developed by the Taylor W mpeh 
Corp., Warren, Ohio. This type of multipl¢ 
electrode resistance welder is designed ‘ 
take advantage of the compact hydraul 
gun, at the same time eliminating the ne 
for a hydraulic pumping unit. Air 
boosters operate through air valves working 
im sequence, connected to the main 4 
supply to provide welding force. a‘ 
welding gun passes welding current whe® 
contactor, actuated by the sequence 
mechanism, energizes the primary of 
welding transformer. 

The machine illustrated welds baffles 
automobile mufflers made of 0.040-in. zis 
coated steel at the rate of 480 mufflers pe 
hr. It makes 16 welds per muffler in [ou 


MATERIALS & METHOD? 
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PROVIDES 


nation of all four desired qualities . . 
Strength . . . Machinability . . 
ity... Minimum Warpage. 
PROOF is a high strength steel (twice as 
‘trong as ordinary cold-finished shafting) 
and is used without heat treating. It ma- 
chines well, too—fully 50% better than 
heat-treated alloys of the same hardness. 
t possesses better wearability than many 


IN-THE-BAR-QUALITIES 


Here is a cold-finished carbon steel bar, 
produced by a patented LaSalle process, 
that possesses in-the-bar a unique combi- 


. Wearabil- 
STRESS- 


- 5 






heat-treated carbon or alloy steels, and has 
been used successfully to replace case- 
carburized steels. Furthermore, because 
STRESSPROOF is stress relieved, warp- 
age after machining is negligible, and 


straightening operations can be _ elimi- 
nated. Yet STRESSPROOF costs little 


more than ordinary cold-finished bars. It 
is also furnished ground and polished to 
close accuracies. 


Stocked by Leading Stee! Warehouses 


Le Sale 
STRESSPROOF 


Reg. U.S. Pat. Off. 


SEVERELY COLD-WORKED FURNACE-TREATED STEEL BARS 
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SEND for FREE 


ENGINEERING BULLETIN 


“New Economies in the 
Use of Steel Bars” 


LaSalle Steel Co. 
1418 150th Street 


Hammond, Indiana 


Please send me your STRESSPROOF 
Bulletin. 


Name 


Title 


Company 
Address__ 


City 
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Every Day More Stainless Fastenings 
Appear in the Industrial Picture! 


This year more stainless fastenings will be used by industry 





than ever before, because every day industry discovers 
another spot where stainless works better! Whether your 
fastening problem calls for superior strength . . . corrosion 
resistance . . . non-magnetic quality . . . permanence. . . 
resistance to heat or cold . . . re-use quality . . . shock or 
vibration resistance . . . or fine appearance . . . count on 
stainless for the answer! And count on Anti-Corrosive to 


have just the fastening you need! 











At Your Fingertips... the Largest Stainless 
Fastening Stock to Be Found Anywhere! 


Over 7,000 varieties of stainless fastenings on hand, ranging 
from a #0 machine screw to a 2” nut, %s” washer to a 24” 
construction bolt. Call on Anti-Corrosive first . . . America’s 
oldest and largest supplier dealing exclusively.in stainless 
steel fastenings. An outstanding special order service is also 
available for the occasional item not found in stock. 

















Ask Your Secretary to Write for Folder N-49 for the Latest 
Information on Stainless Fastenings ... TODAY! 





ane: 


flcnatecharers of STAINLESS STEEL FASTENINGS 
eee CASTLETON ON-HUDSON. NEW YORK 
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New Materials 
and Equipment 





This Taylor Winfield resistance welder ; 
being used to fabricate automobile muffler 


progressive groups of four welds per group, 
for a total of 7680 welds per hr. Two pairs 
of series welds (four welds) followed by: 
like set of four welds, a total of eight 
welds, are made on top the muffler. In 
sequence, two groups of welds, or eight 
welds, are made on the bottom. This s- 
quence welding eliminates the need for a0 
internal expanding work arbor. Each of 
two 50-Kva. transformers makes two series 
welds per group. 


Spotwelding Machine for Cans 

A spotwelding machine has been de: 
signed by the Acro Welder Manufacturin; 
Co., Milwaukee, Wis., which automatically 
welds two cans together at the rate of 106) 
cans per min. 

The machine, developed for S. C. Jobu- 
son & Son, Inc., is completely automatic 
and can be placed in the filling, capping 204 
packaging production limes where it takes 
single cans from the standard conveyor 4n¢ 
puts paired cans back on the standard con- 
veyor at the rate of 160 cans per min. 

A spot weld is produced at the top rim 
and at the bottom rims of each paif 0 
cans where rims contact each other. The 
spot welds are accurately controlled 
electronic weld sequence controls. 

Carefully developed relationship betwee 
weld heat, weld time, weld pressure, we! 
area, electrode shape and electrode coolin 
eliminates the difficulties arising from ™ 
inherent tendency toward electrode pick-P 
from the electrolytic tin plate can rims. A® 
average of 14,400 consecutive welds can 
made in continuous production before brief 
interruptions for electrode dressing of ™ 
placement is necessary. 


MATERIALS & METHODS 
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Lindberg Cyclone Furnaces can help re- 


rims duce the costs and improve the quality of 
r ol your tempering, annealing, nitriding, stress- 
The telieving and non-ferrous heat-treating. 


Bulletin 53, “Lindberg Gas Fired Cyclone 
Tempering Furnaces,” tells how. Ask for 
it. (Bulletin 14 covers Electric Cyclones.) 
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TEMPER SCREWS AT ‘0.000 093 6 
FUEL COST PER POUND 


the LINDBERG ENGINEERING COMPANY 


Lindberg Steel Treating Co., Chicago, the world’s largest custom heat 
treating organization and companion company to Lindberg Engineering 
Co., uses twenty-nine 100% forced-convection Lindberg Cyclone Fur- 
naces for low-cost production tempering of many jobs—from tiny screws 
to 4 ton charges of forgings. 

Here is one typical job, self-tapping screws tempered in one of the 
nine furnaces shown above (the third one from the front—it has a work 
chamber 22” in diameter by 26” in depth). Note the low unit cost. 


FUEL COST $0.000 093 6 PER LB. 
Weight of charge 1019 Ibs. 
Temperature 600° F. 
Time in furnace 65 minutes 
Fuel consumed 159,000 BTU (1.59 Therms) 
Fuel cost @ 6c Therm 9%C¢ 


Hardness is easily controlled to plus or minus 1 Rockwell “C.” Heat- 
ing is rapid and uniform. Heat is generated in a separate chamber 
away from the charge, then circulated by blower through all parts of 
the work chamber. All work is uniformly heated at the same instant— 
radiant heat does not reach outside of charge first . . . and center last. 


ES 






2451 W. Hubbard Street, Chicago 12, Illinois 


FURNACES 
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GENERAL ¢ 


Special purpose 
transformer designed to 
JAN-T-27 Grade 1 Class A 


i 


cd 


710N 
OTHER APFE (CA 
py E SUMCONE RUBBER 


Self-sealing General 
Electric silicone rub- 
ber bushings are used 
on a special type of 
transformer built by 
the Raytheon Manu- 
facturing Company, Waltham, Mass. 
Inserted through punched round holes, 
the bushings seal hermetically by com- 
pression. In such exacting uses as naval 
radar, they retain elasticity from —55 
F to 520 F, absorb shocks that would 
shatter glass, reduce cost per terminal, 
and show no tracking characteristics. 

Resilient G-E silicone rubber won’t 
stick to hot metal surfaces when 
clamped under compression. It con- 
tains no plasticizers that might affect 
electrical properties, and contaminat- 
ing adhesives are not required. 

G-E silicone rubber possesses high 
chemical resistance and excellent elec- 
trical properties. Applications include 
oven door liners, sealing discs, and 
motor bushings. It is available in ex- 
truded, molded, and fabricated forms. 

For the latest technical information 
on G-E silicone rubber, write to Section 
5-7 Chemical Department, General 
Electric Company, Pittsfield, Mass. 


@ SILICONE 


RUBBER 
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New Fastener for Honeycomb 
and Sandwich-Type Materials 


A new butt-joint panel fastener, design.; 
to overcome many of the fastening pro} 
lems encountered in demountable boxe 
movable and permanent partitions, 4p; 
all panel construction work, has been ¢.. 
veloped by the Simmons Fastener Corp, 
Albany, N. Y. Known as the Roto-Lod 
it is useful in connection with honeycom; 
panel or other sandwich-type materials, 
well as plywood, marinite and masonix 

The principal feature of the fastener js j: 
tapered cam design. It incorporates » 
spring or other delicate mechanical pa 
that would be affected by severe tempe: 
ture conditions. All parts have high 
sistance to corrosion and wear. 

The design of the male and female con f 
ponents of the fastener enables it t 
used to attach vertical to horizontal pa 
This permits its use for attaching roo! 
side panels, side panels to floor panels, a 
any panels to structural members. It 
draw panels together at sufficient pressure 
to establish an air- and water-tight sea 
and will carry a 1400-lb. tension load 








Phantom view of new butt-joint pat 
fastener. 


Due to its tapered cam design, it will als 
carry heavy shear loads. 

It will fasten im seriously misaligned 
conditions in all directions. In the event 
of an incompressible obstruction betwee! 
panels being drawn together, the Rot 
Lock will lock in any semi-open positio! 
necessitated by the obstruction. 


@ Introduction of plater’s bar, a 
refined and closely processed prod 

in the jewelry trade by manufactu 
rolled plate, is announced by Revere ‘ 
per & Brass, Inc., 230 Park Ave., Ne® 
York 17. The bar is available in a comple 
range of sizes and a wide variety of coppe! 
alloys. The base metals are supplied in 
shades to complement the precious meta’ 

with which they are clad by the plate I 
manufacturers. 


MATERIALS & METHODS 
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Buyers everywhere want products 


that are easier to lift and move. 


They want products made from Dow 
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the world’s lightest structural metal! 
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Lighter Products Sell—make your product Magnesium Light! 
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Designers of a wide range of products—ladders, 
for example—who know how much cutting dead 
weight means to their customers, are using mag- 
nesium extrusions. They’ve found that magnesium 
extrusions enable them to make their product ap- 
preciably lighter, yet retain much needed durability 
and strength. They’ve found, too, that Magnesium 
Extrusions simplify design, fabrication and assembly. 
Many intricate shapes can be extruded in magnesium 
which can not be produced by any other method. 


When greater lightness helps sell a product—and it does help 
sell a good many—sound judgment on the designer’s part 
dictates using the lightest practical metal . . . Magnesium. 


Magnesium is the world’s lightest structural metal—75% 
lighter than steel, 33'4% lighter than aluminum. 


If your product is still too heavy, lighten it with the one 
metal that can do that job best . . . Magnesium. Remarkably 
strong and easily worked —magnesium will be found surpris- 
ingly low in cost compared to the competitive advantages 
gained. Write us for complete technical information. And don’t 
forget to ask for your free copy of “How Magnesium Pays” 
a book filled with real case studies of how magnesium is 
being used profitably in products today. 


THE DOW CHEMICAL COMPANY e MIDLAND e MICHIGAN 
New York @ Boston @ Philadelphia @ Washington @ Cleveland @ Detroit @ Chicago 
St. Lovis © Houston @ San Francisco @ Los Angeles @ Seattle 
Dow Chemical of Canada, Limited, Toronto, Canada 


Make your product 

easier to lift—easier to move— 
easier to sell—with 
Magnesium Extrusions 
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CAST SPECIAL SHAPES QUICKLY...EASILY 






lL 


Check the job to be done and you will find a Firecrete* 
product that will do it well. For special refractory shapes 
or linings it’s simply mix and cast. The new shape or lin- 
ing air-hardens and is ready for service within 24 hours. 
Other advantages include—no drying shrinkage, negligi- 
ble firing shrinkage, high resistance to spalling. 

For use 


opr SOO0F— 3X FIRECRETE 


This new member of the Firecrete family effectively with- 
stands soaking temperatures up to a full 3000F. Provides 
savings through longer life and reduced shutdowns. 


2800F — Hi-T FIRECRETE 


A high heat-duty refractory composed of an exceptionally 
heat-resistant base. Specially developed for service between 
2400F and 2800F. 

For use 


core 2AD0F — STANDARD FIRECRETE 


The most generally applicable type of Firecrete. Finely ground, 
permitting casting of shapes or linings as thin as 114". 
For use 


core 2AD0F — L-W FIRECRETE 


A lightweight insulating refractory concrete with unusually 
low thermal conductivity, low heat storage capacity and high 
resistance to spalling. 


For use 
up to 


The above Firecrete materials can be used in combina- 
tion where varying temperature and service conditions are 
encountered. 

For patching and gunning, use 3X BLAZECRETE. For 
temperatures to 3000F. It has exceptional adherence quali- 
ties, can be flipped into place with a trowel without ram- 
ming or tamping. 

For further information, write to Johns-Manville, 


Box 290, New York 16, N. Y. JM 


PRODUCTS 





*Reg. U.S. Pat. Off. 
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FIRECRETE 


‘‘The Standard in Castables’’ 
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Synthetic Vehicle 
Improves Diamond Abrasive Compouni 


A new diamond abrasive manufacture; 
by the Industrial Products Div., Elgir 
National Watch Co., Aurora, IIl., was jp. 
troduced recently. The newly developed 
synthetic vehicle used in the preparation 
of the compound is said to greatly expand 
the field of economical application for dia. 
mond abrasives. 

Advantages of this diamond compound 
are due to the synthetic vehicle which 
carries the diamond abrasive and precise 
size grading of the actual diamond pur. 
ticles. Only pure virgin diamond is used 
Accurate grading minimizes the presence 
of under-size or over-size particles and 
assures rapid, uniform cutting action. Ac. 
cording to its manufacturers, the compound 
permits the use of standard time analysis 
procedures in connection with lapping and 
polishing operations. 

The new synthetic vehicle is said to te- 
sist caking or drying out, is universally 
soluble in commercial solvents and water, 
and leaves no dulling film on finished sur- 
faces. Another advantage of this new vehicle 
is an increased range of temperature st 
bility, from 150 to -50 F, which permits 
machine lapping with diamond abrasives 
for the first time. 

Typical uses are finishing carbide and 
hardened steel parts, plastic molds, drawing 
dies, bearing surfaces, precise lapping o! 
hardened gages, and polishing the cutting 
edges of all types of cutting tools for in- 
creased tool life. 


Spray Washers 
Designed for Later Additions 


A series of new metal parts washers (0 
its present line of cleaning equipment and 
chemicals has been announced by the 
Detrex Corp., Detroit 32. The new washers 
feature standardized construction so that 
multiple wash, rinse and dry-off stages a0 
be incorporated at minimum cost. The} 
are designed so that if only spray stages 4! 
installed originally, a blow-off stage can 
added at any time later. 

These machines—the WB-100-S, sing 
spray-zone unit and the WB-200-5, two 
spray-zone—can be used as standard metal 
parts washers for ordinary alkali cleaning 
compounds, or can be converted to 
ciently handle those compounds which 
a tendency to foam excessively. 

The work is pressure-sprayed with cca 
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I. Stove Venturi Tubes . Mirror Arms 
2. Bicycle Handlebars 9. Bearing Shells 
3. Tubular Handles 10. Door Closer Cylinders 
4. Shock Absorber Cylinders 11. Vacuum Cleaner Wands 
9. Grease Gun Cylinders 12. Venturi Tubes 
6. Hydrautic Cylinders 13. Shot Hole Casing 
1. Fire Extinguisher Cylinders 14. Wheel Hubs 
15. Textile Bobbins 
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Bearing shells to wheel hubs ... fire extinguishers to 
venturi tubes ... here are but a few of the countless 
products which are made better, easier, and at lower cost with 
strong, dependable Republic ELECTRUNITE Mechanical Tubing. 


Perhaps you, too, are using, or are planning to use tubing in 
existing or in anticipated products. In either case, you'll find 
ELECTRUNITE Tubing unsurpassed for uniformity, ease of fabri- 
cation and ability to take any form of plated or painted finish readily 
and economically. It is available in a wide range of sizes, gages 
and analyses—in both carbon and stainless steel. 


Like more information? Write today to: 


REPUBLIC STEEL CORPORATION 
STEEL AND TUBES DIVISION e CLEVELAND 8, OHIO 
Export Department: Chrysler Bldg., New York 17, New York 
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ELECTRUNITE TUBING 




















SYNTHETIC SAPPHIRE for 





Resistance to Wear 





Outlasting hardened steel and cemented 
carbides 2 to 5,000 times. 


Resistance to Friction 





Affording very low friction surfaces due 
to hardness and surface continuity. 


Resistance to Heat Distortion 


Retention of form at temperatures up 


AS to 1,000°C. 


we S Retention of Insulating Properties 


Excellent dielectric properties over a wide 
range of temperatures. 


LINDE Synthetic Sapphire is available in a variety of 
forms. It can be polished by flame or ordinary diamond 
polishing; it can be formed and bent by flame. Polished 
sapphire surfaces keep free of dirt, and in many anti-fric- 
tion applications, need not be lubricated. 

The experience that LINDE engineers have in applying 
sapphire to industrial processes may be of help to you. 
Call or write the LINDE office nearest you. Get your copy 
of the “Synthetic Sapphire Data Sheet”, and the “Syn- 


thetic Crystal Stock List” of forms available. 





Trade-Mark 


THE LINDE AIR PRODUCTS COMPANY 
Unit of Union Carbide and Carbon Corporation 

30 East 42nd St., New York 17, N.Y. (Ifa Offices in Other Principal Cities 

In Canada: DOMINION OXYGEN COMPANY, LIMITED, Toronto 


The term “Linde” is a trade-mark of The Linde Air Products Company. 


AME ___ 
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ing solution from multiple spray headers 
Spray nozzles are readily accessible fo 
cleaning, and are adjustable so that they 
can be directed to any given point. Ajj 
spray headers are provided with removable 
plugs. 

The spray off-fall is directed by mean; 
of shed plates through removable mesh. 





The steam-heated, two-spray zone washer 
equipped with belt conveyor and having 
steam-heated blow-off section at right. 


type chip baskets into a settling sump, then 
through removable screens into the main 
tank, where the solution is heated by a 
bank of steam coils before it re-enters the 
pump suction. 

The blow-off stage, for both the single 
and double-spray-zone machines, can be 
steam or gas heated, or built to give cold- 
air blast, whichever is required. The posi- 
tion of each blow-off nozzle is adjustable 
so as to strike the work at any angle de- 
sired to give most effective drying. 


Multi-Barrel Tumbler 
Designed for Mass-Finishing 


A new type of deburring and polishing 
machine, for mass-finishing of metal and 
plastic products, has been announced by 
the Hungerford Corp., Big Flats, N. Y. 
With this equipment, up to 15 different 
items can be handled at the same time, 
without mixing, and each can be tumbled 
in the manner best suited to its requife- 
ments. 

The variables include wet and dry tum- 
bling; wide range of speeds; rotary, cen 
trifugal and end-to-end actions; and com- 
binations of these actions. Thus, all degrees 
of contact and impact can be obtained, and 
delicate parts, which heretofore required 
deburring and polishing by hand, can be 
machine-processed without danger of def- 
ormation. 

A circular mounting plate, with multiple 
perforations at center and six distances 


MATERIALS & METHODS 
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WRITE FOR FREE SAMPLES 


ar of the types that interest you. And 
by phone your nearest Alcoa sales office 
- or Alcoa distributor for prompt serv- 
" ice. ALUMINUM COMPANY OF AMERICA, 
660G Gulf Bldg., Pittsburgh 19, Pa. 


iNWorey:\ 
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SPECIFY ALCOA ALUMINUM FASTENERS 





right on your drawings! 


‘There’s no need to run the risk of the galvanic corrosion 
that can come when aluminum is fastened with dis- 
similar metals. ‘The complete line of Alcoa Aluminum 
Fasteners includes all the types required to meet any 


production assembly need. 





Complete ranges of sizes and head types. Slotted or 
Phillips head. Made to Alcoa quality standards, yet 


not expensive. 






FASTENERS 
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ACCURACY 


required at WINCHESTER 


WINCHESTER, a name long known for Firearms of 
quality, is accurately controlling the temperatures of 
their high temperature salt baths with the aid of our 
specially constructed Thermocouples. These Thermo- 
couples, throughout their satisfactory, long life, retain 
the necessary responsiveness and accuracy needed for 
this application. 





Designing thermocouples for special and unusual re- 
quirements is our job. Consult us on any of your 
thermocouple equipment needs, whether special or 
standard. 


Ask for our 34-page catalog G. 
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CLEAN ANNEALS 5000 LBS. RESTORATION 
COPPER and BRASS ALLOYS PER HR. “DECORATING 


THE ELECTRIC FURNACE CO. PROCESS 


GAS FIRED, OIL FIRED DS: Ys . PRODUCT OR 
p AND ELECTRIC FURNACES _ Chio propucrion 





GAS-FIRED 
OIL-FIRED 
a oe and ELECTRIC 


i dee FURNACES 
for 


AGING 

B> ANNEALING 
BRAZING 
CARBON 


CARBURIZING 


DRAWING 
@ The EF gas-fired intermittent, roller hearth HARDENING 
batch type furnace shown above has forced circu- HOMOGENIZING 
lation preheating, heating and soaking chambers MALLEABLIZING 
enclosed in a single shell. NORMALIZING 
. NITRIDING 
It has capacity to heat 5000 Ibs. per hour to SINTERING 
1200°F.; handles coils up to 20” in diameter, SOLUTION 
weighing up to 150 Ibs. each. TREATING 
EF furnaces are built in a wide variety of types SPECIAL ATMOS- 


PHERE TREAT- 


and sizes. Gas-fired, oil-fired and electric designs MENTS 


to use the fuel best suited for the particular require- 
ment. Let us work with you on your requirements! A SIZE AND TYPE 
OF FURNACE 
.| FOR EVERY 
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from center for attachment of the barrels 
is rotated at a fixed speed. The barrels, of 
numerous lengths and diameters, are g 
round, hexagonal, clover-leaf, or 

cross-section, and can be furnished With 
without Neoprene lining. They are mount 


One of many different types of barrels being 
fastened to the circular mounting plac 


at right or other angle to the plate, as a 
added factor in providing wide selection in 
severity of action. 

Center mounting produces a mild rouy 7 
action, and selective distances from the 
center add centrifugal action in desired de K 
gree, according to increasing periphery 
speeds. The angle mounting introduces Y 
end-to-end action, as well as rotary and 
centrifugal actions. 


@ A plastic foam, that expands to 10 
times its original volume when baked, ha 
been developed as a new insulating material 
at the Westinghouse Research Laboratori pr 
East Pittsburgh, Pa. Lighter than some he 
gases, it is resistant to fire, moisture, fungus 
growth and insects, and is low enough 0 ' 
cost to be practical for many applications. is 
The foam is made from a synthetic phenolic 

resin, is reddish brown in color, and has 

a sponge-like appearance. 


Plastic Coating on Welded Tube 
Has High Corrosion Resistance 


Development of a new electric welae 
steel tubing, coated with a plastic type ™ 
resisting finish, has been announced by 
Jones & Laughlin Steel Corp., Pittsburg 
30. The new product will have applicatio 
in the manufacture of inexpensive outdoo! 
structures and other applications where light 
wall steel tubular members are exposed © 
corrosive atmosphere. Known as Perm* 
tube, it can be fabricated by bending, * 





MATERIALS & METHODS 





Whats the right X- 


















Se 
Product 2 nnn 
5 ~~ 
els, of Dri ve whee l Te nara. 
o : a 
Speci : 
ihe Mater; . 
a Crial: 


— 


Cast Stee] ! 
ae 


ae 


Equipment; ~~ 


250-ky X-ray un 7 : 





berg 


} 
plate 








aS an 


iON if 














































:B KODAK INDUSTRIAL Si i 
cus X-R AY FILM, TYPE c isi ae | ise TYPE M 


Because the equipment had only moderate power and sec- A TYPE OF FILM FOR EVERY PROBLEM 
tion thicknesses 314 inches were to be examine - : 
1esses up to 344 inches were to be examined, the Po provide the resordind: ssediien bast aalted to any 


radiographer chose Kodak Industrial X-ray Film, l'ype F, combination of radiographic factors, Kodak produces 


) 


1 hs exposed with Kodak Industrial X-ray Intensifying Screens. four types of industrial x-ray film. 

terial This filrn is designed for use with fluorescent screens to _atinargesnotlinditieneh | 
porte provide maximum speed. The combination is essential in Type F gives the highest available speed and contrast when 
some exposed with calcium tungstate intensifying screens. Has | 


boosting equipment capacity to handle a heavy job like 





ungus : : - y ; wide latitude with either x-rays or gamma rays, exposed 
sh it this. And, since the examination is for gross defects, speed directly or with lead screens. | 
tions is more important than sensitivity to very fine detail. aie 
nol Type M provides high contrast and exceptional detail under 
1 ha direct exposure or with lead-foil screens. It has extra-fine | 


RADIOGRAPHY grain, and speed is adequate for radiography of light alloys 
IN MODERN INDUSTRY at moderate kilovoltages and for much million-volt work. 


Type A offers high contrast with about three times the 


A wealth of invaluable data on speed of Type M, but with slightly more graininess. Used 


RADIOGRAPHY 


he in MODERN tapesreT radiographic principles, practice, direct or with lead-foil screens for study of light alloys at | 

| and technics. Profusely illustrated lower kilovoltages, and of heavier steel parts at 1,000 kv | 
: . | 
i with photographs, colorful draw- and with gamma rays. 


Ings, diagrams, and charts. Get Type K has medium contrast with high speed. For gamma 








your copy from your local x-ray ray and x-ray work where highest possible speed is needed 
y dealer— price $3. at available kilovoltage without use of intensifying screens. 
atl 
td EASTMAN KODAK COMPANY : | 


light X-ray Division - Rochester 4, N. Y. 


e 
a qa i0og rd be y “Kodak” is a trade-mark y 
: oe A 


ops nother important function of photography 




















EL OO OT 
MAKE YOUR PRODUCT FULLY NON-CORROSIVE! 


STAINLESS 
STEEL 
SCREWS 


a 
IMMEDIATE 
DELIVERY 















Machine, Self-tapping 
Socket, Set, Wood 
Screws. Also Nuts, 
Bolts, Washers, Rivets, 
Pins—all types and 

sizes — delivered 
immediately from 
America's largest 
























stock. a 

PROMPT No. 49E, 

SHIPMENT write today, on 

ON SPECIALS your letterhead. 
ssy MANUFACTURERS SINCE 1929 
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SPEED ASSEMBLY 





Step up production—bring costs in 
your shop down—with solder pre- 





forms. Pre-formed rings, washers, 
pellets, discs, etc., made to your 
order, insure better bonds, lower 
costs, and faster assembly. We 
can supply you with custom-made 


STANDARDIZE 





pre-forms of any shape required, 
in a wide variety of solders, cop- 
per and brazing alloys. 


SAVE MONEY 


Write for complete information. 


Soldering Specialties 


Dept. E, Summit, N. J. 





116 






















New Materials 
and Equipment 


panding, flanging, upsetting, fluting aj 
flattening, without damage to the finish 
In accelerated salt spray tests the tube dij 
not corrode until more than 2000 hr, g 
exposure in accelerated salt spray tests anj 
in some cases, lasted 3000 hr. before any 
corrosion appeared. When subjected to the 
standard A.S.T.M. weatherometer tes— 
which reproduces weather conditions such 
as exposure to sun rays, heat, humidity and 
rain—it showed no corrosive effect after ; 
test period which the testing laboratoy 
evaluated as equivalent to more than § yr, 
actual exposure. The coating was found tp 
be equally stable and unaffected by low 
temperatures. Initial humidity tests of the 
tube are still in progress after more tha 
1000 hr. exposure to a 100% relative hy. 
midity at a temperature of 130 F. 





This new plastic coated tube can be cold: 
formed to the limits of the steel before the 
coating chips, cracks or flakes. 


Perma-tube is coated with a special finish 
consisting of Vinsynite pretreatment and 4 
vinyl resin base, developed by Thompson 
& Co., Oakmont, Pa. The pretreatment ad- 
heres tightly to the steel surface, phosphe 
tizes the metal, and deposits a very thio 
film (about 0.0003 in.) of protective coat: 
ing over the phosphatized surface in one 
operation. It is applied to the steel tubing 
by dipping. An appropriately pigmentec 
vinyl resin base, which has a dried film 
thickness of about 0.0015 in., is applied 
over the pretreatment. 


Continuous Limit Gage 
Checks Strip and Sheet Material 


To protect metal stamping dies from be 
ing injured by material that is too thick, 
Pratt & Whitney, Div. of Néiles-Bement 
Pond Co., West Hartford, Conn., have d¢ 
veloped a new continuous limit gage which 
indicates or controls by a signal light, co™ 
trol relay, or the like, when the strip % 


MATERIALS & METHODS 
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Westberg Tool 









Downtime is time forever lost. Specify BTR (Beth- 
lehem Tool Room) for those longer runs and cut your 
downtime by increasing production between grinds. 
BTR is high in wear-resistance. But it’s an easy steel 
to machine. And heat-treaters like the way it hardens 
in oil from 1475 F with minimum distortion. 


BTR is deep-hardening, holds a durable cutting 
edge. It's a general-purpose steel for a wide range 
of tools and dies. Best of all, BTR is economical. Try 
it on your next job and you'll probably find, as many 
others have, that it replaces several grades you're 
now using. 


Call the nearest Bethlehem Tool Steel distributor 


or Bethlehem sales office. Prompt deliveries from 
local stocks. 


TYPICAL ANALYSIS: 
C Mn W Cr V 


0.90 1.20 0.50 0.50 0.20 


HEAT-TREATMENT: 
Anneal at 1450 F, furnace-cool, 202 Brinell 
Harden at 1475 F, quench in oil 
Temper from 325 to 400 F for a working hard- 
ness of 58 to 62, Rockwell C 








BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 
On the Pacific Coast Bethlehem 
products are sold by 
Bethlehem Pacific Coast Steel Corporation 


Export Distributor: 
Bethlehem Steel Export Corporation 
































RECIPROCATING, CONTROLLED ATMOSPHERE FURNACES 
SUITED TO WIDE RANGE OF GENERAL AND ATMOSPHERE WORK 


VERSATILE. A.G.F. Reciprocating Furnaces are suited to continuous clean hardening, 
annealing, normalizing, case-hardening by the patented Ni-Carb process, etc. Work 
treated in the same furnace may range from extremely small light springs, stampings, 
drop forgings, etc. up to quite large and heavy pieces. 


THE RECIPROCATING MUFFLE advances work through the heat by its own momentum. 
Heat losses and maintenance problems are reduced to a minimum by the complete 
elimination of conveying mechanism from the heating chamber. There is no traveling 
belt to be alternately heated and cooled—only work enters and leaves the furnace. 


Write for Bulletin 815-AB today. 





AMERICAN GAS FURNACE CO. 


142 SPRING ST., 


ELIZABETH, N. J. 
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For melting, alloying, casting, 
metallurgical investigation, and 
many other uses, the new port- 
able Jelrus Electric Melting Fur- 
mace really does a better job! 
It’s a self-contained plug-in unit 
(operating on 110 V. AC or 
DC), light in weight (5 pounds) 
and really compact (12°x10"x9”" 
high). 

Furnace capacity permits melts 


Send for Data Sheet Today! 
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QR 64 W. 48th ST.* NEW YORK 19 * DEPT. M 





= NEW = 


JELRUS 
‘Aaadg-Wet 


PORTABLE 


ELECTRIC MELTING 
FURNACE 


_ Handy-Melt PRICE—complete $142.00°* | 
Crucibles $2.50°; Extra Muffle $12.50* © 
ad *F.0.8. New York City | 


up to 600 dwt. of gold—2 Ibs. 
Avoir. of brass or equivalent— 
with a simple flick of the switch. 
Temperature indicator assures 
consistent results on successive 
melts. Designed with features 
that prevent overheating of 
metal and eliminate metal oxi- 
dation, this portable furnace 
gives maximum service for a 
modest investment. 
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sheet material is too heavy. This gage does 
not show the thickness of the material o; 
the amount of variation, but rather indicates 
when the material is light or heavy, not 
both. 


When this gage is used with a die stamp. 
ing press or similar machine, it will send 
out a signal or impulse that will stop the 





Principal purpose of this continuous limit 
gage 1s to prevent injury to metal stamping 
dies. 


operation before the heavy material reaches 
the die. Also, this gage provides a means 
of inspecting continuous strip material 
where it is desired to control only one 
limit, high or low. 

The range of the gage is from 0 to 0.300 
in., with an accuracy of 0.0005 in. The 
gage is set by means of precision gagt 
blocks and by turning the hand wheel unti! 
the setting light is on or just ready to 
come on. 


Spotweld Nuts and Screws 
Are Handy Fasteners 


Fasteners and fittings for attaching to 
sheet steel surfaces by using projection 
welding have been developed by the Ohio 
Nut & Bolt Co., Berea, Ohio. As is well 
known, spot welding machines can be either 
the rocker-arm or press type. Spot welding 
is used im many instances to “tack”’ the 
fastener or fitting in place on products 
where the design throws no particulat 
stress or load upon the welded joint. 


Seven sizes of nuts, ranging from No 
8-32 up to and including 5/16-18 threaded 
hole, are now available. Also, 63 production 
sizes of screws can be had in production 
quantities. 

Stock sizes of the nuts and production 
sizes of the screws are designed for us¢ 
with the commercial thicknesses of sheet 
steel. The nuts are made of low carbon 
steel; the screws ate made either of low 
carbon steel, high brass or stainless steel. 


MATERIALS & METHODS 
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